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ANNEALING 


and alimini 
alloy 


EFCO for aluminium annealing + 
and normalising furnaces. 

EFCO for aluminium melting 

and holding furnaces. 

EFCO for aluminium billet 
heating furnaces. 

EFCO for aluminium ageing and 
solution heat treatment furnaces. 


nstoledin the 


Think of processing aluminium and for 
the name EFCO comes in a FLASH ! Z and circles. The 

v i urnace, rated at 600 KW, has a heating 

a : chamber 20ft. long and a cooling table 30ft. long. 


EFCO ALUMINIUM MELTING & HEAT TREATMENT FURNACES 


FURNACES EFCO FURNACES LIMITED 


the best of the worlds furnace designs QUEENS ROAD, WEYGRIDGE, SURREY ~ Weybridge 3897 
Associated with Electro-Chermcal Engineering Co. Led. 
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system that can beapalic 
of Open Hearth furnaces without need for in 
vor. Working By the The*no-syphon principie, if e!: 
ihe need for circulating pumps, redites cooling - 
requirements to the turmaces by 50°... reclaimys more 
heat, considerably extends the life of doorframes, inc: 
furnace availability and will show a capital reco, > 
approximately 72 months. 


Have been 
Mates far both con. 
Raising 
frames 


inc ses open hearth furnace efficiency 
4 Stein & Atkinson Ltd. 


LATINUM 


OFFERING THESE OUTSTANDING PROPERTIES 


High Temperature Stability 
Exceptional Chemical Inertness 
Low Vapour Pressure 

Superior Wear Resistance 
Peak Catalytic Activity 


Accurate temperature measurement—that's 
the rule in melting high-nickel alloys at the 
works of Henry Wiggin and Company Limited. 
Platinum Metal thermocouples are accurate, 
reliable and have a long life under the 
severest conditions. 


U 
PLATINUM PALLADIUM RHODIUM 


RUTHENIUM - IRIDIUM - OSMIUM 


Engelhard Industries Limited fabricate and market 
the Platinum Metals refined by The International 
Nickel Company (Mond) Limited 


A platinum metal may be 
the cheapest answer to a 
heat or corrosion problem. 


Baker Platinum Division 
52 High Holborn 
LONDON WC1 
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«Send for this booklet to: 
PLATINUM METALS r 
ENGELHARD INDUSTRIES LTD 
ee 


METALLURGIA, March, 1961 


. 
- 
Ou pare in oper with, 
2 
402 
| 


.. » for Complete Monolithic Linings - Moulding 
Special Shapes > Repairs to Brickwork 


Stein Sillimanite 
Patch 
Stein 73 Plastic 


Maksiccar Fire 
Putty 
Stein Carome 

Patch 


Maksiccar Patch 
Stein 73 Patch 


Stein Magnesite 
Ramming Mixture 


Maksiccar Plastic 


4 


Plastic 
Plastic 


Plastic 


Semi- 
Plastic 
Piastic 

Semi. 
Plasti 
Ory 


Plastic 


Methods 
of Use 


Thermal | Maximum 
Hardening Temperature 
Temperature of use 


Approx. weight required 


per 
cubic feet 
tbs. 


| vw 
| cubic metre 
| 
+— 


2243 


For further details of the full range 
of Plastic Refractories, Refractory 
Cements and Castable Refractories, 
ask for Pamphlet No. 4. 


Our technical departments are also available 
to advise on suitability of application 
and correct ramming procedure. 


JOHN G. STEIN & Co. Ltd., Bonnybridge, Scotland. Tel: BANKNOCK 255 (4 lines) 


METALLURGIA, March, 1961 


3 
. 
4 
: 
4 
Supplied of Set | toriness 
Heat | moulding | ; 
| 
patching | + 1750°C | 1800°C 180 2884 
Wand 1350°C 500 1100°¢ 140 2243 
moulding ‘ ; 
air patching | were wes 200 3204 
| Setting 1690°C 600 1980°C 135 2062 
Ramming 
+ 1750°C 600 1800°C 2804 
patching 
BY 


BRIGHT STEEL 


ROUNDS HEXAGONS - 
SQUARES - FLATS & SECTIONS 


THE 


196/7, PALACE CHAMBERS 
BRIDGE ST., LONDON, S.W. I 
TEL. WHITEHALL 2015 


8, CHATHAM STREET 
MANCHESTER CEN. 0413 


Nr BIRMINGHAM 


1191 


HALESOWEN | | | | 


HALESOWEN 


BLACKHEART MALLEABLE IRON CASTINGS 


IF YOU WOULD LIKE A COPY OF OUR BOOKLET “MALLEABLE IRON’’ PLEASE DROP US A P.C. 


HALE HALE LIMITED DUDLEY PORT. Stoffs. ENGLAND 


CRAMS: "HALEFO" TIPTON PHONES: TIPTON 1671/5 
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REG? TRADE MARK 


NATURAL DRAUGHT GAS FIRED MAR 


TEMPERING SALT BATH WITH AGITATOR 
Size of bath 36 long « 24 wide x /8 deep 


We manufacture all types of Cyanide, and Oven 
Furnaces suitable for the Heat Treatment of Metals 


KASENIT Ltd. 7 Holyrood Street, Bermondsey, LONDON S.E.1 
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secr-proportionine Oll BURNERS 


Stordy-Hauck self-proportioning oi! 

burners are designed for better oi! 

combustion, accurate control of fur- 

nace temperature and atmosphere and 

maximum fuel economy. 

Srochures are available to illustrate: the full 
Stordy-Houck burners. 


self-proportio 
burner ones to a rotary dryer and 
asphalt plant. 
This burner more than meits ie 
a temperature range requi 
for varying materials sterals handled, 


jauck self-proportioning oil 
‘sare fitted to this Hartford Empire 
s melting installation, comprising : 
under full automatic on! 


( TESTING 


Stordy manufacture at their 
Wombourn Works a full range of 
Hauck fully self-proportioning oil 
burners with full facilities for experi- 
mental work and for full testing of 
production burners before despatch. 


STORDY ENGINEERING LIMITED 


CUMBRIA HOUSE GOLDTHORN HILL WOLVERHAMPTON. Telephone: Wolverhampton 37Mi 
SM/SE 6125 
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MAERZ 


100 TON ALL BASIC 
OIL FIRED OPEN HEARTH FURNACE 


Installed at The Albion Steel Works of 
The Briton Ferry Steel Co. Ltd. 

This O.H. Furnace is providing consistently 
high outputs on cold charged material 


with excellent overall economy. 


Priest Furnaces Ltd. 


Sole representatives in Britain for MAERZ open hearth furnaces 


PRIEST FURNACES LIMITED « LONGLANDS - MIDDLESBROUGH 


also at KELHAM ISLAND WORKS - SHEFFIELD 3 
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The old way — loading now-obsolete coal-fired 
kilns —a dirty, laborious and unhealthy opera- 
tion. 


OSIAH SPODE (1733-1797) perse- 

vered with hundreds of experiments 
before he finally discovered the won- 
derful translucent bone china—the 
nearest ever to the pure Oriental por- 
celain devised for practical use. In fact 
his introduction of bone china has 
been of outstanding importance in the 
annals of the English fine china trade. 
One of his eminent contemporaries, 
Monsieur Alexandre Brongiart, a 
Director of Sévres, wrote at the time 
“Spode produced a better porcelain 
than any other which has hitherto been 
made in England.” 


The marketing of this new Spode 
chi a became largely the responsibility 
of William Copeland, a Staffordshire- 
born tea broker who was living in 
London. Soon a firm Spode-Copeland 
partnership emerged of such an extent 
that the descendants of William Cope- 
land have continued in the family 
business in an unbroken sequence to 
this day. 

Nowhere in England, the home of 
the bone china trade, is fine bone china 
better produced than at W. T. Cope- 
land’s works. Within these works are 
produced dinner services in bone 
china, highly decorated with gold and 
colours, which sell for hundreds of 
pounds, and yet, also bearing the 
Spode insignia of manufacture, come 
tea services and dinner services which 
grace. the tables of people in every 
walk of life. 


But tradition is one thing and 
modern production is another. The 
world demand for Spode table ware 
had increased rapidly in the post-war 
years and in 1958 Mr. Spencer Cope- 
land, the Managing Director, outlined 
the Board of Directors’ decision. He 


“‘The nearest ever to the fine Oriental 
porcelain yet devised for practical use...” 


The new way — the Pottery Queen lighting the 
new gas-fired tunnel kiln at the Spode factory. 
She is assisted by Mr. 1. Forse, the Spode Works 
Manager. 


said, “The outstanding feature is to be 
a tunnel kiln to fire biscuit bone china; 
it must be capable of firing, to a high 
standard, a volume of china varying 
from our present production to three 
times this amount.”’ This was the 
problem presented to the Spode tech- 
nical team headed by Mr. Ian Forse, 
the Manager. After investigation he 
approached a leading firm of kiln 
designers and builders and they agreed 


that there was no kiln which would 
give all the results Spode required. 
They interchanged ideas and a gas- 
fired tunnel kiln was developed to 
meet all their needs. It was christened 
“The Jubilee Oven” to commemorate 
its being lighted by the Lord Mayor of 
Stoke-on-Trent in the Jubilee Year. 


Those particularly interested in 
firing pottery will be interested to 
know that the kiln is fired by gas and 
is 138 feet long, holding twenty-nine 
trucks of ware. The early preheat zone 
ha’ sufficient controllable exhaust off- 
takes to make the early stages of the 
kiln practically dead when firing on a 
slow schedule. The loading height is 
flexible from two feet to three feet. The 
bottom burners have duplicate orifices, 
the higher or lower respectively being 
used to suit the loading height. The 
exhaust ports can also be adjusted in 
the same way. Gas is boosted to about 
1 Ib. per sq. in. pressure and is burnt 
through three tiers of burners with 
sixty-six burners on each side. These 
burners are divided into a total of six 
separate groups, five groups being 
automatically controlled. The burners 
in the top half of the kiln are separately 
controlled from those in the bottom 


The new gas-fired kiln for firing biscuit bone china; capable of meeting present production and 
three times this amount economically. 
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half. There are three sections of cool- 
ing zones each comprising five separate 
controllable cavities. A Contravec heat 
control system at each end of the kiln 
provides a crown blast which prevents 
the heat from drifting to either end of 
the kiln. The peak temperature of the 
kiln is 1265°C and it takes about thirty 
hours to reach its peak. 


In fact, the Spode Directors de- 
manded flexibility of the fuel and of 
the kiln, together with the advantages 
of continuous running, for they re- 
quired a kiln to fire from 700 dozen to 
more than 2,500 dozen articles a week, 
a most unusual demand. It has been 
specially designed to meet the most 
exacting circumstances for which no 
standard kiln would cater. It replaces 
the last of the old coal-fired bottle kilns 
which required two weeks from the 
time the work was put in until the time 
it was taken out. By comparison this 
new gas-fired tunnel kiln requires 
three days and gives an_ infinitely 
greater control of the temperature 
time schedule than ever possible before, 
and the fuel cost is only half of that 
when coal was used. 

There are, of course, a number of 
fuels which could have been used for 
this new advanced tunnel kiln. How- 
ever, the Manager, Mr. Forse, said, 
“We selected gas because of its flexi- 
bility—it is possible to get more ‘trim’ 
on the individual flames in the kiln 
without the necessity of removing 
banks of heating elements.” This flexi- 
bility, which enables the temperature in 
the various zones of the kiln to be 
closely controlled, coupled with low 
operating costs, ultimately led to 


the decision to use 
gas as the fuel. The 
West Midlands Gas 
Board produce in 
this area gas particu- 
larly suitable for firing 
the fine bone china 
manufactured by the 
Spode Company. In- 
deed, the ware can be 
fired in direct - fired 
kilns, in many cases 
being unprotected by 
saggers. The Spode 
Works use more than 
150,000 therms of gas & 
per quarter. They use 
other fuels as well, 
but, when it came to firing their newest 
and most advanced tunnel kiln, they 
chose gas. 


That the traditions of Josiah Spode 
are still maintained is appreciated 
when one walks round the show- 
rooms of the Spode Company. Ac- 
companying a selection of table ware 
there is a card bearing the following 
caption—“The Duke of Edinburgh 
prize for elegant design was awarded 
to Neal French Des.R.C.A. and David 
White, designers of the Spode Apollo 
Table Ware made by W. T. Copeland 
& Sons Ltd., and chosen for one of the 
eighteen Design Centre Awards in the 
competition held in 1960.” This is not 
a design competition restricted to 
pottery, but is applicable to any in- 
dustrial product. And now this Apollo 
Table Ware is being sold to all parts 


of the world as a modern example of 


the traditional bone china emanating 
from the researches of Josiah Spode. 


Part of the Spode Apollo Table Ware awarded the Duke of Edinburgh prize for elegant design 
in 1960, 
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Part of the well-known Crimson Lancaster bone china dinner service 
made by W. T. Copeland & Sons Ltd. 


Spode is not an isolated example. 
In fact, the development of the 
pottery load is one of the outstanding 
success stories of the modern gas 
industry. Today there are many miles 
of gas-fired tunnel kilns in existence 
which have replaced the old smoky 
coal-fired bottle kilns. Completely 
smokeless in operation, they have 
literally changed the whole atmosphere 
of the Potteries, once notorious for 
dust and grime. The new tunnel kiln 
workroom at Spode provides pleasant, 
airy conditions comparable with those 
in the most modern light engineering 
works. No longer are its operatives 
old men at forty. At work and at home 
they are now enjoying the benefits of 
clean air—thanks to gas. 


The Industrial Gas Engineers of the 
West Midlands Gas Board worked 
closely with Mr. Forse during his 
development of the kiln. This is just 
one example of the way in which 
Area Gas Boards collaborate with 
their consumers and exchange ideas 
for the ultimate benefit of all in- 
dustrial users of gas. 


Scottish Gas Board, Edinburgh. 
Northern Gas Board, Newcast/e-upon-Tvne. 
North Western Gas Board, Manchester. 
North Eastern Gas Board, Leeds. 

East Midlands Gas Board, Leicester. 
West Midlands Gas Board, Birmingham 
Wales Gas Board, Cardiff. 

Eastern Gas Board, Watford. 

North Thames Gas Board, London, W.&. 
South Eastern Gas Board, Croydon. 
Southern Gas Board, Southampton. 
South Western Gas Board, Bath. 


The Gas Council, 1 Grosvenor Place. 
London, S.W.1. 
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Schieldrop 


SELF-PROPORTIONING OIL BURNERS 
FOR CONSTANT AIR-OIL RATIO 


Pioneered by Schieldrop in Great 
Britain, self-proportioning oil burners 
offer outstanding advantages 
including peak efficiency and real 
economy of operation. Write for 

full details of Schieldrop burners. 


Note these features— 
Single lever control. 


2) Easy adjustment for high “ 
and low flame settings. 


3 | Simple and robust 
construction. 


Constant velocities of 
both primary and 
secondary atomising 
air, giving uniform 
flame over a 5-1 
turn-down range. 


Schieldrop & COMPANY LIMITED 


STOTFOLD, BEDS. Phone 414 (4 lines) 
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ELECTRICAL ENGINEERS 
A.S.E.E. EXHIBITION 
EARLS COURT —2Ist-25th March 1961 


Silicon Carbide 
HEATING ELEMENTS 


Temperature range 600-1550°C 
Sizes ranging from 2—72 heating sections 


BRITISH RESISTOR COMPANY LTD. 
Gi MILL LANE RAINFORD ST. HELENS 
LANCASHIRE 


Telephone RAINFORD 57] 
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_ That's West's business on fi 
: continents and there's always 
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Could be? Temperatures slightly ie 
‘no adverse effect on the plant, the. e 
4 ‘process or the product but there 
€an be no argument about their 
= 13:10-0 a On the other hand, running at 


METAL CASED 


2 


BRICKS 


P. H. Metalclad bricks are cased in steel on four sides, 
graded refractory material and metal casing forming 
an integral unit. That’s because of the controlled 
hydraulic pressure method of manufacture, which 
allows no air infiltration whatsoever. P.H. Metalclad 


METALCLAD “EE” BRICKS 


Divided internally by two 
plates placed lengthwise 
This system reduces 
flaking and spalling 

to a minimum 

and can be 

applied to all 

Mecaiciad 

shapes and 

sizes. 

Covered by 

British Potent No.'s 546,220, 
778,047 and 778,048 


TABHANGER SUSPENSION 


Bricks supplied with a special! gtainiess 
steel tab co-moulded with che brick 
embedded into the surface of the top 
face. By che use of a special cool che 
tab may be bent our at right angles 
to the top face to 

form a hanger. 


Covered by 
British Potent 
No.’s 546,220 
and 749,491 


FERROCLIP SUSPENSION 


This method allows the brick to 
be suspended from the end. The 
Ferroclip hanger slot 
may be moulded into 
any roof or wall shape 


bricks are easy to install because they’re completely 
consistent in shape and size, and need no jointing 
cement. Spalling during temperature changes is 
eliminated, iron-oxide bursting is reduced to a min- 
imum—in other words, they last longer too ! 


Make your needs known to Pickford Holland now! 


P.H. METALCLAD 


PICKFORD, HOLLAND & CO. LTD 


Metal cased 
basic bricks 
33921 


SHEFFIELD - TELEPHONE: 


Oa; e724 
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PROCESS 


oxidation 
at high 


A few applications of the Calorizing Process 


CASE-HARDENING BOXES AND POTS - ANNEALING BOXES AND POTS 
SALT BATH POTS - CYANIDE BATH POTS - LEAD BATH POTS 
MOLTEN METAL CONTAINERS - PYROMETER PROTECTION SHEATHS 
RECUPERATOR AND AIR HEATER TUBES - FURNACE MUFFLES 
SUPERHEATER SUPPORTS - SOOT BLOWER ELEMENTS 

KILN PIPES AND CAPS - FURNACE DAMPERS 

LADLES FOR METAL POURING 

NITRATE OF SODA BATHS - RETORTS 

TUBES FOR WIRE ANNEALING FURNACES 

FURNACE HEARTH PLATES - FURNACE COMPONENTS 


Write for publication No. 1301/1 


THE CALORIZING CORPORATION OF GREAT BRITAIN LTD. 
LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C.1. Tel : EUSton 4321 
Works : Renfrew & Dumbarton 


@ wacvonarv EvANS 


This extremely interesting and informative magazine can be 


8 JOHN STREET, LONDON, W.C.1 obtained free on application to the publishers. 


Macdonald & Evans publish a wide selection of books, all well illustrated, dealing with many aspects of metallurgy. Some of these books are 
listed below. Send now for a comprehensive Catalogue to Macdonald & Evans Ltd., 8 John Street, London, W.C.1. 


A Dictionary of Metal- Non-Destructive Test- The Practice of Anodic A History of Metals Leslie Using Steel Wisely The Brittle Fracture of 


A. D. Merriman, ing J. F. Hinsley, F.1.M. Oxidation of Aluminium Aitchison, M.Sc., D.Met., Leslie Aitchison, M.Sc., Steel W. D. Biges; B. Sc. 
G.C., O.B.E., M.A.  Considerationsofsafe. G. Hiibner and A. F.R.ILC., M.I.Mech.E. D.Met., F.R.1.C., This book provides 
D.Sc., F.R.S.E. ty and economy make = Schiltknecht. This work consists of two ./.Mech.E. engineers and metal- 
Nearly 7,000 defini- the value of non- The authors’ great know- superbly illustrated vol- This book examines lurgists with a compre- 


tions and 290 illustra- destructive testing ledge and experience of umes ; the first relates how the several sources of hensive review on the 
tions make this the apparent, and here is anodising and plant gold and copper were orig- heterogeneity and ani- brittle behaviour of 


most detailed and described the most up- design make this a inally regarded and how the sotropy in industrial structural steel. Test 
comprehensive metal- to-date techniques of valuable book for all other five metals, and their steel and considers methods used to evaluate 
lurgical dictionary ever conducting these tests, concerned with the in- alloys, known to ancient how these factors may the susceptibility of a 


to be published. It has with illustrations of dustrial anodising of people were successively be controlled. Faults Steel to brittle failure are 
become a standard faults liable to be aluminium. The book discovered and employed. and effects of various described and the in- 
work of reference for found in practice. The describes fully the pro- In volume 2 the develop- treatments are clearly fluence of welding upon 
metallurgists, research book can be recom- cess of producing arti- ment of these metals is con- shown by the clarity the notch ductility of 


workers, students, lib- mended to all concern- ficial oxide films; it tinued to the present time. of reproduction of the Steel is discussed in some 
rarians and all others ed with the inspection provides a reference to This comprehensive and many illustrations. All detail. The many line 
interested in the sub- and testing of manu- new experiments and exhaustive narrative covers types of wrought steel diagrams make it a very 
ject. factured products. developments in this a period of 8,000 years. are covered. valuable reference book. 
420 pp. 126/- 530 pp. 75/- field. 350 pp. 55/- 600 pp. 2 vols. 8 gns 250 pp. 4- 450 pp. 70/- 
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HOT AND COLD ROLLING MILLS. 

ROLLS FOR HOT AND COLD ROLLING. 
ROLL LATHES. 

HOT AND COLD SHEARS. 

HOT SAWS AND REELERS. 

STEELWORKS PLANT AND AUXILIARIES. 
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GR PROVED 


MAGNESIA MONOLITH 


for Open Hearth & Electric 
Furnace Bottoms 


RAMAG has been proved in open hearths, electric 
furnaces for the working monolith, taphole 
construction, launders, fettling, patching, etc. Wholly 
Dead Burnt Magnesia, graded to give a dense, 

hard, slag and abrasion resistant hearth. RAMAG is 
designed to be rammed up wet, and installation, 
drying-out and burning-in can be carried out with no 
risk of hydration. 

Application instructions on request. 


BASIC O.H. FURNACE 


BASIC 
ELECTRIC FURNACE 


The GENEFAX Group for Everything in Refractories. GR) 


GENERAL REFRACTORIES LIMITED - GENEFAX HOUSE - SHEFFIELD 10 - SHEFFIELD 31113 


413 
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TYPE AND APPLICATION 


SOURCE AND 
SUPPLIES 


COLLECTOR AND 
AMPLIFIER 


New Series of AE I 
Mass Spectrometers 


The MS2 Series of Mass Spectrometers takes full 
advantage of the latest spectrometric techniques. All five types which 
make up this new MS2 Series are integrated in a new design 

of 6-in radius 90° sector field instruments. They cover a 
very wide range of special applications while retaining basic common 
features. Details are shown in the chart below. Please write 
for further information to your local AE]I office or direct to the address below. 


MS2-G Mass Spectrometer 
For scotopic and chemical 
analysis of gases and volatile 


Standard gas 


Double collector (or 
electron multiplier) 


Double inlet (heated 
also possible) 


10-in potentiometric 
recorder or 6-channel 
photographic recorder 


MS2-H Mass Spectrometer 
For analysis of high molecular 
weight compounds and mass 
measurement. 


Heated gas 


Variable slit 


Heated system and 


double inlet 


10-in potentiometric 
recorder or 6-channel 
photographic recorder. 


MS2-X Mass Spectrometer 
For isotopic analysis of 
UF, 


Special 
source 


Double collector 


Special UF¢ system 


10-in potentiometric 
recorder 


MS2-S Mass Spectrometer 


| For isotopic analysis of solids 
using thermal ionization 


Thermal 
ronization 


Double collector or, 
alternatively, electron 
multpler 


10-in potentiometric 
recorder 


= 


MS2-SG Mass Spectrometer 
For isotopic analysis of solids 
and gases. 


% 
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Standard gas 
and thermal 
ionization 


Instrumentation Division 


Double collector or, 
alternatively, electron 
multipler 


Double inlet 


Associated Electrical Industries Ltd. 


Scientific Apparatus & X-Ray Dept. 
TRAFFORD PARK, MANCHESTER 17 


10-in potentiometric 
recorder 


N/R 901 
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These illustrations, by courtesy of Ford Motor 
Co. Ltd, show two of many continuous gas 
carburizing furnaces installed at their Dagen- 
ham factory, using endothermic atmospheres 
produced from PROPAGAS. 


PROPAGAS provides industry not only with a 
high calorific value fuel gas (approximately 
2,500 b.t.u. cubic foot) but also with an 
excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 
metals. 

BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 

PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 
Shell and BP Groups, backed by a technical 
service second to none and with a complete 
sales organisation covering the United 
Kingdom. 


Shell-Mex and B.P. Gases Limited 


(Regd users of trade marks) 


Cecil Chambers 76-86 Strand London WC2 Telephone: TEMple Bar 1234 
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capacity 
resistance 
To Iron € Slag attatk 
CONnTTACTION 
«High thermal 
| conductivity 
*No deformation — 
under lode) of 
per Sg. inch | 


HINES 

resistan 

cold crushing. 


strength F times 
tha? of ordinar 


Fire brick” 


That’s why orders have been received for over 200 blast fur- 
linings throughout the world, making Carblox Ltd. one 


TEMCO pattern chequer brick of the world’s largest manufacturers of blast furnace carbon. 
manufactured by our parent com- 


pany, Thomas Marshall & Co. 
(Loxley) Ltd. This new brick has Write for Catalogue to:- 


ffective brick f 99 
cent. “much, higher than any GARBLOX LIMITED, STORRS BRIDGE WORKS, LOXLEY, 
Derails tont on reques NR. SHEFFIELD. TEL: SHEFFIELD 343844/5/6. 


Details sent on request. 
One of the MARSHALL REFRACTORIES GROUP of Companies. 
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Demag high-frequency 
induction furnace 
installation at a steel 
making plant, incorporating 
two | ton capacity furnaces, 
two 660 Ib. capacity 
furnaces, and one 110 tb 
capacity furnace 


A 3 ton capacity Lectromelt arc furnace of ¥ O° diameter shown with roof swung ready for charging. 


High Speed and High Output are the key features 
in the medium and smaller range of furnaces offered 
by G.W.B. Furnaces Ltd. Many years are behind 
both the Coreless and Arc Furnaces of Demag and 
Lectromelt designs. 

Daily, electric furnaces are finding wider and wider 
applications, and the coreless induction (crucible) 
type is no exception as it is an ideal medium for 
melting steel and iron, and all other metals. It is 
particularly advantageous in steel works where a 
charge of scrap of known analysis is melted and is an 


installation that pays for itself in a very short time. 
The proven economies of operation of electric arc 
furnaces otfered by G.W.B. have earned an enviable 
reputation, and a few of their outstanding features 
are:— 

Separately mounted roof lift and swing mechanism 
for top charging; Four point roof suspension of the 
roof ring; Electrode holders of the power operated, 
spring-held, air release type; High speed movement 
of the electrodes; Offset rocker centres to return 
furnace from extreme tilt in event of power failure. 


G.W.B. FURNACES LIMITED 


P.O. BOX 4 


DIBDALE WORKS .- 


DUDLEY - WORCS. 


Proprietors: Gibbons Bros. Ltd , and Wild-Barfield Electric Furnaces Ltd. 
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The Autrometer brings the precision 

Industrial of X-ray spectrographic analysis to 

every branch of industry. It needs 

2 only to be fed with samples to give 

. uality quick and absolutely consistent 

0 analysis of up to 24 elements in one 

sample within the range magnesium 

Control (12) to californium (98). It can be 

operated by one unskilled attendant 

and is the ideal analytical tool for 

routine processes. 


The Autrometer, by sampling from 
any stage in the process, provides 
analytical information from which 
corrections can be made to meet 
required specifications. 


Basic or Raw Materials 


w~ 


w oO 


Manual or 
Computer link 


The usefulness of this instrument to 
your problems of quality control can 
be investigated by our specialists. 
Preliminary analytical work may be 
undertaken with no commitment. 


tHe AUTROMETER 


Industrial plant maintenance is 
met with rapid standby service by 
specialist engineers. 


Sole Distributors in the U.K.— 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING’S CROSS ROAD, LONDON, W.C.1. TERminus 2877 
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is able to advise 
on any 
refractories problem 


CONSETT IRON COMPANY 
LIMITED 


ma CONSETT CO. DURHAM ENGLAND 
TELEPHONE: CONSETT 34/ (12 Lines) 
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Brayshaw Engineers and Technicians are constantly engaged 
in an intensive research and product development 
programme designed to maintain our leadership in the 
manufacture of new furnace equipment of proven 
dependability and accuracy in widely diverse applications. 
The products illustrated are just a few examples from 
our extensive range. 

If you would like information 

on these or = other part 

of our range please write to 

us for further details. 


What the illustrations show: 


A.—‘Hynor’ Oven Furnace. 
B.—Liquid Bath Furnace. 
C.—Twin Chambered High Speed Steel Furnace. 


| BELLE VUE WORKS: MANCHESTER 
ad d EAST 1046 ~ GRAMS: HARDENING, MANCHESTER 
FURNACES LTD TEL ots 35756 
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Each link in these conveyors is a precision job perfect in every detail, shell-moulded 
in heat-resisting steel. The smallest components can be carried safely 
and smoothly through any furnace. Another outstanding achievement by Thompson L'Hospied 
whose close association with the Furnace industry offers unique facilities 
for research and testing under actual conditions. 


o, 


Thompson L,’Hospied 


= 


4, 
“sisting © 


A Member of the incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND 
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STANDARDISED 
CHARGE AND DISCHARGE 

MACHINES FOR 

™= METALLURGICAL FURNACES 


TELEPHONE :- DUDLEY 5514! (P.B.X.) TELEGRAMS :- “ GIBBONS,” DUDLEY” 
METALLURGIA, Merch, 1961 25 


- GIBBONS BROTHERS LIMITED: P.O. BOX 19 - DIBDALE- D 

i: UDLEY - WORCESTERSHIRE ig 


ndothermic 
as 
enerators 


CAPACITIES FROM 
200 TO 6,000 c.f.h. 


Endothermic generators by Gibbons Applied Atmospheres Ltd. provide output capacities in the order 
of 200 to 6,000 c.f.h. (multiple ganged units for the larger outputs) using either propane or town gas. 
Leading features of these generators are: 


%& Compact layout using minimum floor space 
with easy access to all component parts. 


% Output automatically responds to varia- 
tions in demand from maximum to nil. 
Delivery is at constant pressure irrespec- 
tive of variation in back pressure. 


% Air metered at constant temperature and 
humidity. 


% Enrichment propane and/or ammonia 
maintains constant ratio to endothermic 
gas volume. 


* All controls, gauges, starters and water 


flow indicators mounted on an instrument 
panel at convenient height. 


Gibbons Applied Atmospheres Ltd. welcome dis- 
cussion with interested engineers and chemists 
on the application of their equipment to particular 


¥* Ratio of air to hydrocarbon is maintained 
constant over working range of output 
i.e. 3 to | maximum to minimum. At lower 
demands the excess is vented to constant 


burning pilot. industrial requirements. 
EXOTHERMIC OR ENDOTHERMIC 


NITROGEN GENERATORS OR AMMONIA * 
CRACKERS FOR THE METALLURGICAL 
AND CHEMICAL INDUSTRIES 


GIBBONS APPLIED ATMOSPHERES LTD. tf 
A subsidiary of Gibbons Brothers Ltd. : é 


SPECIALISTS IN ATMOSPHERE PREPARATION, 
PURIFICATION AND APPLICATION 
P.O. Box 19, DIBDALE, DUDLEY, WORCS. Tel: Dudley 55/4) 
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Clean Annealin 


& Blanketing Atmospheres 


A view of a 1500 c.fh. Nitroneal 
Generator at the Uddingston Works 
of Ranco Limited. 

The Nitroneal Generator produces pure nitrogen with a 

controllable hydrogen content by reacting ammonia with 

air in the presence of a special Baker catalyst. The 

apparatus generates a gas completely free of oxygen, con- 

sisting only of nitrogen, hydrogen and water vapour. 

The hydrogen content can be varied at will to meet 

changing requirements and can be maintained at any 

desired percentage between 0-5°,, and 25°, within close 

tolerances. This flexibility permits the use of appro- 

priate gas for any material or process at the lowest cost. 


IMPORTANT ADVANTAGES are ECONOMY 


HIGH PURITY . SAFETY . FULLY AUTOMATIC =~ G NL 


nie 


ADJUSTABLE GAS MIXTURE N / TR 0 NEA 
UNIFORM ANALYSIS . LOW DEW POINT i — or 


%* Write for leaflet giving full details. Technical representatives 
available for consultation and advice. 


CEANGCELHARD (NOUSTRIES, £72.) BAKER PLATINUM DIVISION 


52 HIGH HOLBORN : LONDON, W.C.1 : CHAncery 8711 
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must be good 


A hardened steel roll must be good to give the precision, the finish, 
the long service required in cold rolling; so good that virtually only 
a handful have mastered this most exacting branch of the 
forgemaster’s craft. Doncasters are proud to be amongst that 
number. 


Doncasters hardened steel rolls are made in the widest variety of 
sizes from the small rolls used for precision metals to rolls 
weighing several tons each. 


Skill and experience ensure that every Doncaster roll is very good. 


DONCASTERS 
DD 


HARDENED STEEL ROLLS 


DANIEL DONCASTER & SONS LIMITED - SHEFFIELD 
MONK BRIDGE IRON & STEEL CO. ——LEEDS 12 
MOORSIDE COMPONENTS - OLDHAM 


DANIEL DONCASTER & SONS (THE BLAENAVON CO. BRANCH) LTD. 
BLAENAVON ~ MONMOUTHSHIRE 
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DEGUSSA-WOLFGANG 
for HIGH VACUUM 
FURNACES 


e Resistance Heated 
e Induction Heated 
e Arc Furnaces 


and now 
the latest production and laboratory type 


ELECTRON BEAM 
MELTING FURNACES 


(Manufactured under licence from Stauffer-Temescal, U.S.A.) 


for highest purity with all refractory metals 


DEGUSSA-WOLFGANG, INDUSTRIAL FURNACE DIVISION 


is now represented in the U.K. and N. Ireland — by 


BUSH BEACH & SEGNER BAYLEY LTD 


St. James’ House, Brazennose Street, Manchester, 2 
Telephone: Deansgate 5124/8. Telex: Chemicals, Manchester 66180 
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DOUBT ABOUT IT... 


Some parts of an automatic spectrograph may look complicated, 


but no instrument could be simpler to use and maintain, and none 
could analyse an alloy more quickly or more accurately. Is the 
specification of your alloys important ? Check it with an automatic 


spectrograph and there will be no doubt about it. 


POLYSPEKS + POLYPRINTS + POLYVACS 
Please write for details in catalogue CH 405/f5 


HILGER & WATTS LTD 98 St Pancras Way London NW1 
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@ CONSUMABLE ELECTRODES 


VACUUM 


MELTING 
@ NON-CONSUMABLE ELECTRODES 


P : + For the high purity melting required in quality 


SPEEDIVAC Arc Melting Furnaces 
provide every facility for high purity 
melting by both non-consumable and 
consumable electrode techniques. Using 
the latter method ingots up to 9" long 
and |}" diameter can be produced under 
high vacuum conditions. 


With a non-consumable electrode and 
using purified argon at 150 mm Hg 


pressure, specimen buttons of high 
purity may be prepared and tempera- 
tures up to 4,000° C are attainable. 
This technique can be adopted for 
finger-type ingots cast in a horizontal 


Larger furnaces for pilot plantjwork are 


available for the production of consu- 
mable electrode melted ingots up to 
6° diameter. 
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For NEWMARKET TRANS#BORS LTD. 


32 


a member of the PYE group of companies * 


Continuous mesh belt conveyor 
furnace alloying germanium 

in the manufacture of 
Newmarket transistors. 
Maximum temperature ; 1000°C, 
14” belt travels at 0—12” 


per minute. 


ROYCE SPECIAL... 


The cost of a specially designed 
furnace is no more than for standard 
plant. Judge for yourself— 

For your next furnace get a quotation 


from Royce. 


ROYCE ELECTRIC FURNACES LIMITED 


ALBERT DRIVE SHEERWATER WOKING SURREY 
Telephone Woking 5401-4 
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BELGIUM 


Four-high Reversing Cold-Rolling Mill 
for aluminium and light alloy strip up to 
50 in. finished width. 


Photograph by courtesy of Société Industrielle de 
Aluminium, Duffel, Belgium. 


W.H. A. ROBERTSON & CO. LTD. 
BEDFORD ENGLAND 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES, AND TORRINGTON METAL WORKING MACHINERY. wre 
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H.F. Induction 


Heating 
IkW, 3kW, 7kW, ISkW Generators 


FOR HIGH SPEED HARDENING, BRAZING & SOLDERING, 
ANNEALING & MELTING, GENERAL HEAT TREATMENT 


@ These equipments all have a high kVa output circuit. 

@ The variable power adjustment allows the exact heating pattern to be 
obtained. 

@ Push button control ensures that the same heating cycle can be repeated 
with consistent accuracy and unskilled operators can be used with 
complete confidence. 

@ Specially designed valves of our own manufacture are used and a liberal 
safety rating on all components provides long life and the minimum of 
maintenance during continuous production, 

@ Immediately available from stock. 

@ Free sample testing and 
advisory service. 

@ Technical representatives in 

London, Birmingham, Man- 

chester and Glasgow. 


Write or phone for leaflet HT 20 59. 


Standard Telephones and Cables Limited 


INDUSTRIAL SUPPLIES DIVISION 
STANELCO PROCESS HEATING - FOOTSCRAY - SIDCUP - KENT 
Telephone: FOOtscray 3333 


MECHANICAL WORLD YEAR BOOK 
for 1961 


Whilst the use of standard measuring instruments and gauges remains common practice in production engineering, impor- 
tant advances have been made in recent years and the time seems opportune for putting the now numerous methods into 
a reference framework, as it were, so that their scope and relationship may be readily appreciated. Accordingly in this 
edition of the MECHANICAL WORLD YEAR BOOK we present a series of tables and notes summarising under specific 
headings the available methods for direct and comparative measurement. 


360 pages ILLUSTRATED 5/- NET (by post 5/9) 


BRIEF OUTLINE OF CONTENTS 


PRECISION MEASUREMENT Boiler Mountings, Fitting, and Logarithms . ‘ 
me The Use of Cold-formed Sections in Structural Design Toothed Gearing : . ‘ Decimal Equivalents of £1 

The Design of Gas Turbine Plants Production of Gears , Metric and British Conversion Tables 
Engineering Materials : ; British Weights and Measures . 
Ferrous Alloys TABLES Equivalents of pees and _ Metric Weights and 
Non-Ferrous Alloys Measures 

Bearing Metals Steam and Thermometric Tables. : Hydraulic Equivalents 
Heat Treatment Pipes and Tubes Displacement Table . » ’ 
Hardness Testing Standard Gauges : Pressure and Head of Water . 
The Light Alloys Screw Threads Weight and Specific Gravity of Miscellaneous Solids 
Die-casting Cutting Speeds and Feeds . Broken Coal in Bulk . 
Plastics Tapers , Brassfounders’ Metal Mixtures. 
A Review of Progress in the Steam Cycle and the Tolerances and Fits : Babbitt Metal , ; 

Performance of Steam Turbine Plants V-ropes, Ropes, Belts and Keys Selected British Standards relating to Mechanical 

Metal Finishing Strength and Properties of Plates, Bars, Sections, etc. Engineering ° ‘ . 
Horse-power per 100 ft. of Horizontal Conveyor Physical Properties of Materials Calendar for 196! 
Lubricating Oils Weight Calculating Tables Export Credit Guarantee Dept. 
Machine Tools . Decimal Equivalents Classified Buyers’ woanary 
Pumps : Their Choice and Driving ; ’ Radius (Corner) Area ; Index to Tables . 


~ Copies may be ordered now through « any bookseller or direct from the Publishers, 
EMMOTT & CO. LTD., 31 King Street West, Manchester 3; and 158 Temple Chambers, Temple Avenue, London, E.C.4 
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The fine artistry and painstaking craftsmanship 
which went into the making of this treasured 
pitcher would be outstanding in any age. That 
it was fashioned in the sixth century B.C. is 
an incredible feat of human skill. 


PUTTING A FACE ON IT... 


\ The ancients found their own techniques 
by a process of trial and error and a 
desire for greater ability. 


In contrast, we at Ionic have found 
our techniques by increasing re- 
search and constant experiment. 
Thus we are keeping ahead of the 
demands of modern industry. 


IONIC PLATING COMPANY LTD 
IONIC WORKS GROVE STREET BIRMINGHAM 18 Telephone: SMETHWICK 2951 (8 lines) 
The Product Finishing Division of the G.K.N. Group of Companies 
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for increasing steel outpu 


DYSON 


J. & J. DYSON LIMITED STANNINGTON * SHEFFIELD 
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CONTENTS 


FOR MARCH, 


THE BRITISH JOURNAL OF METALS 


INCORPORATING THE METALLURGICAL 


ENGINEER 


PUBLISHED MONTHLY BY 


The Kennedy Press, Ltd. 
31, King Street West, 
Manchester, 3. 
Telephone : BLAckfriars 2084 

London Office : 

158, Temple Chambers, 

Temple Avenue, E.C.4. 
FLEet Street 8914 


CONTRIBUTIONS 
Readers are invited to submit 
articles for publication in the edi- 
torial pages: photographs andor 
drawings suitable for reproduction 
are ospecially welcome. Contribu- 
tions are paid for at the usual rates. 
We accept no responsibility in 
connection with submitted manu- 
seript. All editorial communica- 
tions should be addressed to The 
Editor, Metallurgia,” 31, King 
Street West, Manchester, 3. 


SUBSCRIPTIONS 
Subscription Rates throughout the 
World—-30 


per annum, Post free. 


HN G 
Communications and enquiries 
should be addressed to the Adver- 


tisement Manager at Manchester. 
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Steel and Nuclear Power 


N ENTION of the metallurgical aspects of nuclear 

power production immediately calls to mind metals 
such as uranium, plutonium, beryllium and zirconium, 
whose importance lies in their suitability for use as fuel 
elements and canning materials. In view of the “ publi- 
city ’ given to these “ rare’ metals, it may come as a 
surprise to many that not only is the U.K. Atomic 
Energy Authority among the largest users of steel, but 
the properties of steel used for pressure vessels has been 
a limiting factor in the design of these structures. The 
U.K.A.E.A. usage of stainless steel has amounted to 
some 14,000 tons at a capital value of £9 million, and for 
their own reactors they have used about 17,000 tons of 
mild steel. This is, of course, additional to that used in 
power plants in course of construction by private 
consortia on behalf of the Central Electricity Generating 
Board. These facts were given by Sir Leonard Owen 
C.B.E., Member for Production of the U.K.A.E.A., in 
an address at a meeting of the British Nuclear Energy 
Conference at the end of last year. Much of this steel is 
for orthodox constructional purposes, for which run-of- 
the-mill products are perfectly satisfactory, but in at 
least two instances there was a call for steel to meet 
special requirements. 

The separation of plutonium from irradiated fuel 
involves the use of strong nitric acid at boiling point, 
and it was therefore necessary to design a chemical plant 
which could withstand these conditions, and which 
could be erected behind thick concrete shielding and 
never be approached again. For this purpose a new 
stainless steel had to be developed and tested and 
joining procedures established. The size of the project 
was so great that U.K.A.E.A. took the whole of the 
stainless steel output of one particular type for two years. 

The other major demand was for steels for the pressure 
vessels of gas-cooled reactors. It had been expected that 
limitation on the efficiency of the plant would be set by 
the canning material, because of the complete novelty of 
the problem, but the limiting factor proved to be the 
steel for the pressure vessel, because the pressure at 
which the gas system could operate was determined by 
the design of the vessel. Nuclear requirements dictated 
the size of the vessel, which turned out to be such that 
site fabrication was essential. Prior experience in this 
field was confined to plate up to 1} in. in thickness, and 
it was felt that an increase to 2 in. was as far as it was 
prudent to go. This decision limited the pressure to 
100 Ib./sq. in. The construction of Calder Hall showed 
clearly that large steel pressure vessels could be construc- 
ted on site in 2 in. thick mild steel, but the £200/kW. 
of power installed was too high a figure for commercial 
power production. One of the most important technical 
factors leading to economic improvement has been the 
higher gas pressure introduced progressively in the six 
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years since Calder, but the containment of such pressures 
gives rise to engineering and metallurgical problems, 
calling for thicker plate or stronger steel. 

Besides the limitation on pressure at Calder Hall, the 
operating temperature is below the maximum attainable 
with magnesium fuel element cans, because of the 
difficulty of providing in one steel a low temperature of 
transition from ductile to brittle fracture (to ease site 
fabrication) and adequate creep strength at the operating 
temperature. As no steel was available stronger than 
that used at Calder Hall, weldable on site, and presenting 
the same advantages as mild steel with its long plastic 
range, the design of the civil power stations had to pro- 
ceed on the lines of improvement of techniques using the 
same materials as at Calder Hall but in greater thickness. 

The use of thick plate of specified high quality can 
result in difficulties of supply, handling, welding and 
inspection, leading to adverse effects on costs and 
programme dates, but considerable progress has been 
made in overcoming them, and advances which should 
benefit industry in general concern ultrasonic inspection 
for defects and radiographic techniques for thick 
materials. 

The danger of brittle fracture has been constantly 
borne in mind, and precautions have been taken to 
eliminate the possibility of cracking during construction 
on site in cold weather as a result of the additive effects 
of welding defects, material flaws, and locked-in stresses. 
Maintaining the steel above its transition temperature is 
the only sure safeguard, though stress-relieving greatly 
reduces the risk. The cumulative effects of neutron 
irradiation cause a rise in transition temperature—as 
does the stress-relieving operation—but even during 
shut-down the reactor temperature does not fall to the 
low levels encountered during construction. Nevertheless, 
the initial ductility of the steel must be adequate to meet 
not only the requirements of construction, but also the 
effects during shut-down of any embrittlement caused 
by service conditions. 

The fact that pressure vessel designers and builders 
now consider that they know how to build vessels in 
thick mild steel naturally engenders a conservative 
attitude towards a major change. Nevertheless, careful 
consideration of the effect of the availability of improved 
steel indicates that the substitution of a 36 ton steel of 
2-7 in. thickness for a 28 ton steel of 3} in. thickness in a 
250 MW. power station would reduce the cost per unit 
by 2}%, assuming everything else remained the same. 
In point of fact, easier handling, less weld metal, inspec- 
tion by normal radiography might lead to further reduc- 
tion, despite the need for closer control of welding 
procedures. 

In co-operation with the steel industry, fabricators and 
electrode makers, the U.K.A.E.A. has initiated a pro- 
gramme of development to make available higher 
strength steel with superior creep properties. Laboratory 
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work has been followed by the making of full-size casts 
and large-scale fabrication trials, and as a final stage it is 
envisaged that any new steel will be incorporated in 
conventional structures showing analogous construc- 
tional problems to a reactor pressure vessel. In this 
way it is hoped to build up experience to overcome 
prejudice against the introduction of a new steel. 


The arguments for and against the substitution of 


alloy for mild steel in reactor pressure vessels are so far 
based on opinions on one side and conservative experience 
on the other. The only way out of this is for designers 
to have a more exact knowledge of stress concentrations 
at changes of section, and for them to have confidence 
that their steels can be made consistently to narrow 


Meeting Diary 
4th April 

Institute of Metals, Oxford Local Section. Annual 
General Meeting followed by * Ductile Fracture,” by Pror. R. 
W. K. Honrycomse. Cadena Cafe, Cornmarket Street, Oxford. 
7.15 p.m. 

5th April 

Institute of Welding, Manchester & District Branch. 
Annual General Meeting—Film Show. Reynolds Hall, Manchester 
College of Science and Technology. 7.15 p.m. 

6th April 

Institute of Metal Finishing, North West Centre. Film 
Show “Growth of an Electro-Deposit,”’ by 8. C. Barnes. 
Engineers’ Club, Albert Square, Manchester. 7.30 p.m. 

Institute of Metals, Birmingham Local Section. Annu! 
General Meeting. College of Technology, Gosta Green, Birming- 
ham, 6.30p.m. 

Institute of Metals, London Local Section. Annual 
General Meeting followed by ** Physical Methods of Analysis for 
Major Alloying Constituents,” by K. M. 17 Belgrave 
Square, London 8.W.1. 6 p.m. 


7th April 
North East Coast Institution of Engineers and Ship- 
builders. “Oil Firing with Particular Reference to Marine 


Application,” by G. R. Gray. The Mining Institute, Bolbec 
Hall, Newcastle upon Tyne. 6.15 p.m. 
10th April 
Institute of British Foundrymen. Sheffield Branch. 
* Cost Control in the Foundry,’ by D. A. Crooks. Technical 
College, Pond Street, Sheffield. 7 p.m. 
1ith April 


Institute of Plant Engineers. “ Welding,” by F. Korentas- 
BERGER. 36 George Street, Manchester. 7.15 p.m. 

12th April 

Leeds Metallurgical Society. “Some Aspects of the 
Metallurgy of Fasteners,” by R. J. Attsor. University Staff 
House, University Road, Leeds. 6.30 p.m. 

13th April 

East Midlands Metallurgical Society. Annual General 
Meeting followed by * Recent Work on Cold Forming and 
Extrusion,’ by N. 8. Aneus. Derby & District College of Art. 
7.30 p.m. 

Institute of British Foundrymen, London Branch (Beds. 
& Herts. Section). Annual General Meeting followed by a 
Quiz Evening: “ Fault and Cure’ at W. H. Allen, Sons & Co., 
Ltd. 7.30 p.m. 

14th April 


Institute of British Foundrymen, London Branch (Slough 
Section). Annual General Meeting followed by a Film Evening. 
Lecture Theatre, High Duty Alloys, Ltd., Slough. 7.30 p.m. 


West of Scotland Iron and Steel Institute. Annual 
General Meeting. ‘* Heating and Oxidation in the Basic Open- 
Hearth Process,” by I. M. Mackenzie, D. Haprierp, T. Urre 
and Mrs. A. DonaLp. 39 Elmbank Crescent, Glasgow. 6.45 p.m. 


bands of high quality. This must rely on evidence 
collected and made available by the steel industry. 
Although the majority of the steel so far used has been 
made by the open-hearth process, improvements in 
quality which may arise from more modern methods 
such as electric furnace and large convertors are awaited 
keenly. 

Sir Leonard concluded his address with a plea for the 
co-operation of the steel industry : “* The full benefits of 
nuclear power cannot be realised so long as the engineer 
is limited by the material available to him. If suitable 
steels are not available he may have to explore alternative 
materials. The reactor designer feels entitled to look to 
the steel industry for a lead in the problem.” 


17th April 

Institute of British Foundrymen, London Branch (East 
Anglian Section). Annual General Meeting and L. J. Tibben- 
ham Award (Short Paper) Competition. Lecture Hall, Public 
Library, Ipswich. 7.30 p.m. 

Institute of Metal Finishing, London Branch. * Plating 
of Zinc-Based Die-Castings,” by J. Epwarps. Northampton 
College of Technology, St. John Street, London E.C.1. 6.15 p.m. 


17th-18th April 

The Powder Metallurgy Joint Group of The Iron and 
Steel Institute and the Institute of Metals. Discussion on 
* The Appraisal of Powders for Pressing and Sintering: I— 
Techniques for the Evaluation of Powders ; I1—-The Relation- 
ship between Powders and their Pressing and Sintering 
Behaviour.”” Royal Commonwealth Society, Craven Street, 
London W.1. 

18th April 

Institute of Metal Finishing, Midlands Branch. ©“ How 
Much Polishing is Needed,” by M. A. Price. James Watt 
Memorial Institute, Gt. Charles St., Birmingham 3. 6.30 p.m. 

(N.B.—This meeting has been brought forward from May 2nd 
no meeting in May). 

Institute of Metal Finishing, South West Branch. Annual! 
General Meeting and Film Show. Royal Hotel, Bristol. 7.30 p.m. 


19th April 
Institute of British Foundrymen, London Branch. 
Annual General Meeting. Constitutional Club, Northumberland 
Avenue, London W.C.2. 7 p.m. 
20th April 
Liverpool Metallurgical Society. ~ Continuous Casting of 
Aluminium Alloys,” by W. M. Doyte. Followed by the 
thirteenth Annual General Meeting. Department of Metallurgy 
of the University of Liverpool. 7 p.m. 
21st April 
West of England Metallurgical Society. “ Temperature 
Measurement,’ by J. A. Hatt. The College of Technology, 
Ashley Down, Bristol 7. 7.30 p.m. 
26th April 


Institute of British Foundrymen, London Branch 
(Southampton Section). (Joint Meeting with the Southamp- 
ton Metallurgical Society). Annual General Meeting followed 
by “ Development of Cast Metals,’ by H. T. Ancus. Technical 
College, St. Mary’s Street, Southampton. 7.30 p.m. 


Davy AnD Untrep ENGINEERING Co., LTpD., a member of 
the Davy-Ashmore group, has secured a contract to 
build a 32 in. and 57 in. x 98 in. 4-high reversing hot 
breaking down and plate finishing mill for the works at 
Chippis, in Switzerland, of A.I.A.G., Aluminium. 
Industrie-Aktien-Gesellschaft. The new mill will be 
capable of producing aluminium plate up to 90 in. wide 
and down to } in. minimum thickness. The value of this 
contract exceeds £500,000. 
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Aluminium and its Alloys in 1960 


Some Aspects of Research and Technical Progress 
By E. Elliott, A.Met., F.I.M. 


Chief Metallurgist, The Aluminium Development Association 


Attention is drawn to work published in this country and the U.S.A., reporting research 
and technical progress in the various aspects of the metallurgy of aluminium and its alloys, 


including extraction, founding, fabrication, constitution, properties and standardisation. 
Reference is also made to interesting applications of these materials. 


(Continued from page 


Joining 


It is probably a sign of some maturity in the tech- 
niques of joining aluminium and its alloys that fewer 
articles seem to be appearing on the subject than was the 
case 1 few years ago. Eldridge*® has brought us up-to- 
date with fusion welding, resistance welding, ultrasonic 
welding, brazing and soldering, with some reference to 
other joining methods such as riveting and adhesive 
bonding. He notes that some of the advances of recent 
years are now being embodied in new British Standards. 
Short-are welding, with low currents and fine wires, 
operates according to McElrath®® by transfer of material 
during shorting of the wire to the work. This occurs at a 
rate of from 20 to 200 times per second. The process 
extends downwards the thickness of material that may 
be welded, and to that extent tends to replace the tung- 
sten-are method. Delong, Bradbury and Reid® have 
heated the wire used in MIG welding of aluminium alloys 
by passing it through an insulating sleeve. They find 
that this results in a decrease in necessary welding cur- 
rent, or, alternatively, an increased deposition rate with 
the same current, and control of operating conditions is 
more exact, so that possibly thin gauge materials might 
be successfully welded at high rates of deposition. 

Some excellent coloured stills of transfer of aluminium 
in inert gas metal are welding are given by Needham, 
Cooksey and Milner ;* they are from sequences photo- 
graphed at 9,000 frames per second. The authors con- 
clude that high-velocity plasma jets pull away globules 
from the electrode wire, and they have shown good 
agreement between their film records and theoretical 
predictions of behaviour applying fluid-flow principles. 

Joining wrought to cast aluminium alloys is regularly 
practised, but for ballistic missile applications it is 
obvious that satisfactory strength and ductility in the 
joint are vital. Orysh and Betz® joined aluminium- 
magnesium, aluminium-magnesium-zinc, aluminium-sili- 
con-magnesium, aluminium-copperand aluminium-silicon 
casting alloys to sheet in aluminium-4°%, magnesium 
alloy by tungsten-are welding; as might have been 
expected, combinations giving Mg,Si in the weld were 
the least satisfactory, while the aluminium-magnesium- 
zine alloy gave gross porosity. Aluminium-magnesium 
and aluminium-copper casting alloys were attached 
satisfactorily using aluminium-5°%, magnesium filler 
wire. The properties of MIG welded aluminium- 
magnesium wrought alloys of various compositions have 
been determined by White™ and his collaborators ; 
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they found that the toughness of a weldment depends 
upon the hardness difference between heat-affected zone 
and basis material, size of heat-affected zone, and rela- 
tive magnesium content of fusion zone and basis material, 
filler metals of high magnesium content giving the highest 
toughness. Daley® has shown that in the MIG welding 
of aluminium-magnesium alloys, covering the range 
2}-5}°, of the alloying element, proper cleaning is as 
important as optimum welding conditions to obtain high 
weld efficiencies ; cleanliness is next to godliness. An 
interesting series of curves shows that at high content 
of porosity, tensile strength suffers more than either 
proof stress or elongation. Also using MIG welding, 
Stern® and his collaborators compared the weld efticien- 
cies of aluminium-magnesium work-hardened and 
aluminium-magnesium-silicon fully-heat-treated alloys ; 
tensile strengths approaching those of the annealed 
materials were recorded. In large-scale low-cycle fatigue 
tests, the aluminium-magnesium alloys all gave about 
the same value of 6} tons ‘sq. in., while the alloy similar 
to H20-WP was 1} tons ‘sq. in. lower. Using similar 
alloys, Brungraber®? has tested welded box beams in 
bending, with satisfactory results; after re-heat-treat- 
ment, the aluminium-magnesium-silicon alloy — test 
pieces deflected only a quarter to half as much before 
fracture, although their strength was enhanced. 

The argon-are spot welding of aluminium was fre- 
quently mentioned in the literature some years ago, but 
met with little success in practice. Gourd and Copleston** 
show that this was due to the use of an A.C. power 
source ; their improved and successful method employs 
D.C. with a current decay system, giving deep penetra- 
tion and consistent spots. At present it has not been 
found possible to improve the appearance of welds by 
avoiding a depression on the top surface. 

One important function of the metallurgist is to dis- 
cover the causes of failures ; for fractured welds he has 
been provided with a useful guide by Burch.** As is so 
often the case in papers of the nature of Burch’s, the 
illustrated examples are quite frightening, but perform 
the function of instruction better than the longest verbal 
description. The way to avoid failures is by close inspec- 
tion and testing of welds ; Young'®® has described all the 
tests at present in use, listing them under visual and non- 
destructive on the one hand, and destructive on the 
other. He also distinguishes between tests for research, 
for procedure approval, for welder approval and for 
quality control. 
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Of the articles concerned with specific applications, the 
most detailed published recently is by Woodwood!™ on 
the fabrication of vessels for sub-zero use, particularly 
those made from thick plate. This excellent paper is 
full of detailed tabular matter giving full instructions on 
how to make welds; perhaps the table on choice of 
filler rod is too detailed, and those making a selection 
may find difficulty in deciding whether strength is more 
important to them than corrosion resistance, or perhaps 
economy and ease of welding beats both. Wilcox and 
Hubbard!” have described the manufacture in alumi- 
nium-magnesium alloy of the world’s largest rail hopper 
cars, principally by automatic MIG welding. The illus- 
trations in this account are most informative and 
impressive, and give a clear indication of the size of the 
project and the almost production line techniques 
employed. Turning to a quite different type of vehicle, 
Hoetger and Moen! have described the application of 
mechanised welding to the manufacture of an aluminium 
alloy rocket engine using liquid fuel. Over 1,600 ft. of 
pipe’ of diameter 4-14 in. have been welded together 
by MIG and TIG methods, in an alloy similar to 
HV20-WP, and will convey daily 50 million cubic feet 
of natural gas. No doubt a flexible backing bar would 
have been of use in this work ; Jenkins'® has described 
such a bar made from curved frames in high strength 
aluminium alloy and _ stainless’ steel grooved 
segments. 

Ultrasonic welding is still at the stage where much 
work is needed before it is fully understood. Weare, 
Antonevich and Monroe! have investigated the 
mechanism of bonding and the effect of material ; their 
tests seem to indicate that joining is due to the formation 
of a thin molten film at the interface, although solid 
state bonding is not altogether ruled out. Removal of 
the oxide film before welding does not improve joint 
strengths in aluminium. According to Noltingk,'°’ 
aluminium is the most easily welded of metals by ultra- 
sonic means ; he shows by using colour anodised material 
that the oxide film is broken up and reorientated and 
contact of bare metal secured to give an effective bond. 
In considering applications, reference is raade to the 
possibilities of joining thin foil. Potthoff?’* and his 
friends have used ultrasonic welding to join dissimilar 
metals difficult to bond by other means, including com- 
binations of aluminium with copper and with silicon for 
electrical applications. 

Precision electronic spot welding'®*® may be employed 
for joining aluminium foil, and has been used in making 
honeycomb structures for aircraft. Johnstone”? and 
his co-workers have related experience with high fre- 
quency resistance welding in tube manufacture ; several 
metals have been used, including aluminium and alumi- 
nium-magnesium alloy. 

In an investigation of bond strengths in cold pressure 
welds, Vaidyanath and Milner™> found that scratch 
brushed surfaces gave the best results on aluminium, 
due to effective removal of surface contaminants and to 
the formation of rough hard layers which adhere under 
pressure and then break up, exposing the maximum area 
of completely clean metal for bonding. Anodic coatings 
also gave good bonds, after heating at 500° C. 

Woods!” has used a propane-air flame to braze 
aluminium-2}% magnesium alloy. This flame, being 
lower in temperature than that of oxy-acetylene, causes 
less formation of magnesium oxide, and the lower heat 
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input facilitates wetting with the brazing alloy so that, 
especially for the less skilled operator, it has advantages. 


Constitution 


Giants in the land are always spoken of in the past 
tense. Steele and Collins™* had to face them very much 
in the present as intermetallic constituents in high 
strength aircraft alloys; they were up to 0-1 in. long, 
and consisted of primary crystals of CrAl, with the 
chromium partly replaced by other transition elements. 
By establishing a formula for the phase boundary 
between primary aluminium and primary CrAl, in 
Al-Zn-Mg-Cu alloys containing Cr, Mn, Fe and Ti, these 
authors set maximum limits on these four elements, and 
so slew the giants, who were never again encountered in 
production materials. 


Properties 


It has been fashionable for some time to accept that 
aluminium alloys can have no part in the aeroplanes of the 
fairly near future, because of kinetic heating. As 
Doyle™* points out, however, the skill and experience 
acquired by the aircraft and aluminium industries in 
building aluminium alloy aircraft should not be lightly 
discarded ; neither should problems in heating up of 
non-metallic aircraft parts be glossed over. Doyle 
goes on to present the known data about aircraft 
aluminium alloys at mildly elevated temperatures, and 
concludes that much work remains to be done, especially 
to provide methods of extrapolation from present know- 
ledge. Materials for rockets must undergo even more 
arduous conditions, and Jones' sees the development of 
suitable alloys of aluminium and other metals as the 
great modern challenge to metallurgists. He gives 
aluminium few tasks in the most advanced missiles, but 
notes its successful use in the first stage structure of 
existing rockets. Krupka and Taylor''® have used the 
plasma discharge arc to simulate the heating involved 
when a space vehicle re-enters the earth’s atmosphere, 
and compared its effects on a number of materials. They 
find that certain plastics seem to offer the best resistance 
to wearing away or ablation by the effect of the heat ; 
under these conditions aluminium has an effective heat 
of ablation (in BTU /Ib.) higher than has stainless steel. 

One of the aluminium alloys developed to offer good 
strength properties at mildly elevated temperatures is 
that known in the U.S.A. as X2020, which has a nominal 
composition of 4-5% Cu, 0-5% Mn, 1-1% Li, and 
0-2% Cd; Spuhler™’ and his colleagues have sum- 
marised its properties at temperatures up to 700° F. 
This lithium-bearing alloy, after 30 minutes at 400° F.. 
still has about 70% of its room temperature strength ; 
its known tendency to notch sensitivity demands good 
design to eliminate stress concentrations as far as 
possible. Attention has also been devoted to lithium in 
this country. Thus Jones and Das''* have determined 
the tensile properties of aluminium-lithium binary 
alloys, and ternaries formed by additions of zine, 
magnesium, tin or copper. None of these alloys offered 
very attractive properties, the binary ones giving only 
9} tons ‘sq. in. tensile strength and the best ternary 17 
tons /sq. in. with 10 tons/sq. in. proof stress. Sileock™® 
has studied the ageing of aluminium-copper-lithium 
alloys at 165° C. with and without an addition of 0-1 
cadmium and of prior cold work. The work is confined 
to identification and modes of occurrence of the various 
types of precipitates. 
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Courtesy of Alcan (U.K.), Lid. 

Aluminium has played an indispen- 

sable part in the development of the 
road-railer. 


A few years ago the word fatigue as applied to metals 
possessed a special fascination for quite a wide variety of 
people, from industrialists to reporters on the more 
sensational newspapers. The phenomenon has now 
receded in popularity, but research continues to eluci- 
date its problems, both fundamentally and in the col- 
lection of data. Under the latter heading falls recent 
work by Doyle and How,'®® comparing the effect of 
notches on the fatigue resistance of two high strength 
aluminium alloys, of the Al-Cu-Mg and Al-Zn-Mg-Cu 
types. Both alloys were quenched in boiling water, and 
—perhaps surprisingly—the former material was shown 
to be the more notch-sensitive of the two at 2 « 10° 
cycles. Following a consideration of recent applications 
of mathematics to cumulative fatigue damage, Williams 
and Hughes'*! conclude that its assessment requires 
special test data and does not make use of ordinary 
S/N curves, while a significant factor is the cumulative 
variation in stress amplitude. 

Much less is known about fatigue of welds in alumi- 
nium than that of unwelded material, and Tomlinson and 
Wood’s'” summary of available data is therefore to be 
welcomed. Some of the conclusions are not entirely 
encouraging ; thus the shape of reinforcement of oxy- 
acetylene welds is considered the best, with MIG welds 
somewhat worse than TIG. The authors see promise in 
the improvement of fatigue resistance by readjustment 
or removal of unfavourable internal stress. Many 
metallurgical and engineering terms are particularly 
descriptive ; fretting is one of them, as well as the name 
of its produet—cocoa in England, blood in Germany. 
Teed'** has reviewed the present knowledge of the 
phenomenon, so insiduous in reducing fatigue resistance, 
and concludes that far too little is known, partly due to 
metallurgical neglect and—even worse—research applied 
without sufficient attention to knowledge of chemical 
composition and metallurgical structure. Comparing 
the effects on subsequent precipitation behaviour of 
fatigue strain and unidirectional strain, Stubbington' 
has shown that fatigued aluminium-12-5°, magnesium 
alloy softened rapidly during the early stages of ageing ; 
if the fatigue stress was applied after solution treatment, 
subsequent precipitation was fine instead of in a Wid- 
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manstétten pattern. Similarly, fatigue between solu- 
tion and precipitation treatment of an Al-Zn-Mg-Cu high 
strength alloy also caused refinement of the precipitate. 

The names of Paillard, Wilm and Moore are associated 
with the origins of precipitation hardening, the last two 
in connection with aluminium alloys. Mudge,'®° follow- 
ing a tour of Europe, has written a very brief history of 
the early years of this metallurgical process, and con- 
cludes by saying that “ the matter is still only beginning.”’ 
Working with high porosity aluminium-zine alloys in 
sheet form, Garwood and Davies'®* put forward the 
hypothesis that a large concentration of vacant sites is 
retained in the lattice on quenching ; restricted harden- 
ing in uncrystallised grains is considered to be due to 
rapid elimination of excess vacancies in the substructure. 
In a further paper these authors, with Richards,'*’ 
describe a face-centered-cubic transition phase detected 
by X-ray diffraction during isothermal transformation 
at 200°C. of an aluminium-25%, zine alloy; this 
precipitate contained 80°, zinc, and was followed by a 
plate-like hexagonal precipitate. 

Following an early announcement in Nature,'** Pol- 
mear!® has given a detailed account of his experiments 
on the effect of copper and silver on the ageing mechan- 
ism in aluminium-zine-magnesium alloys. The most 
interesting finding is that small silver additions to Al-Zn- 
Mg-Cu alloys of compositions similar to those used in air- 
craft construction raise the precipitation temperature at 
which maximum hardness may be obtained, thus possibly 
allowing stress-relieving to accompany precipitation 
treatment. Further, electron micrographs show that, 
with silver additions, the precipitate is finer and more 
evenly distributed in grain boundary regions. Taken 
together, these findings hold out hope that silver addi- 
tions and suitable heat treatments might have an 
important beneficial effect on stress corrosion resistance. 

Saulnier and Miraud,"° using slices of metal a few 
Angstroms thick, prepared by electrolytic polishing, have 
applied the electron microscope to produce electron 
diffraction patterns. They study the sub-grain structure 
in aluminium-magnesium alloy, precipitates in alumi- 
nium-copper alloy, and the compound Al,Mg, in alumi- 
nium-magnesium alloy, as well as other non-ferrous and 
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ferrous metals. Two articles have appeared by Bichsel 
on electron microscopy ; one is concerned with an investi- 
gation of sub-grain structure in high purity aluminium,'*! 
while the other is general,'!** describing the application of 
oxide replica techniques and the examination of thin 
foils. The illustrations in all these papers are impressive 
scientifically and attractive aesthetically ; it is only a 


matter of time before they receive the attention of 


designers of wallpaper, floor coverings and similar goods. 

Single crystals continue to attract the experimenter ; 
McKinnon" has studied the work-hardening of a super- 
purity aluminium crystal, and indicated that during 
stage I, that is the period of slip on (111) plane of maxi- 
mum resolved shear stress, the rate of hardening is 
determined by the amount and type of uniformly distri- 
buted secondary slip. Greetham and Honeycombe'* 
have deformed single crystals of aluminium-4- 5°, copper 
given various ageing treatments after solution treatment. 
Under-aged crystals showed a marked yield point followed 
by a period of low hardening, while over-aged crystals 
and those treated at the optimum temperature, though 
showing no yield point, strain-hardened rapidly. By 
X-ray and metallographic study, Richards and Pugh'® 
have determined the sequences of behaviour of super- 
purity aluminium during rolling and annealing. Struc- 
tures after various amounts of cold reduction are illus- 
trated as photomicrographs and X-ray transmission 
patterns. 

Blade, Clare and Lamb! have used levitation melting 
to provide ingots of zone-refined aluminium containing 
additions of various elements, which were then rolled to 
sheet for determination of recrystallisation tempera- 
tures. As little as 0-001 at.% of the addition elements 

yas sufficient to produce most of the retardation of 
recrystallisation ; silicon, copper and magnesium each 
caused an increase of recrystallisation temperature of 
50-100° C., while for iron, chromium and manganese a 
figure of c. 200° C. is quoted. At temperatures varying 
from 195-500° C., Ormerod and Tegart'!®? have sub- 
jected super-purity aluminium to torsion stresses, and 
determined torque values which are converted to shear 
stress, while specimen revolutions are converted to shear 
strain, the two being used to draw true stress ‘strain 
curves. Davies'®* has performed stress-rupture tests on 
the aluminium-1°%, nickel alloy favoured for resistance 
to corrosion by high temperature water, and obtained 


1,000 hour values of 0-75 at 350° C., 1-8 at 250° C., and 
4-2 at 100°C., the units being kg sq. mm.; English 


eyes would have preferred tons ‘sq. in. 


Corrosion and Protection 


No form of degeneration of metals is more insidious 
than corrosion, and the volume of work published on the 
subject is a measure of the seriousness with which it is 
viewed. Evans'®*® has produced a monumental volume 
of great authority on the corrosion and oxidation of 
metals in general, with an author index containing no 
less than 3,000 names. A fat volume, but the scribbling 
has been very well worth while, and as with Gibbon’s 
work it will well outlive the author. Another useful 
book is that written by Rogers,’° principally for the 
education of naval constructors who are responsible for 
the maintenance of ships of war ; aluminium receives its 
due meed of attention, with alarming illustrations of 
what happens when wrong procedures are adopted, and 
details of correct design and practice. 
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The power of the corrosive enemy must be recognised 
and assessed ; Great Britain has the unenviable reputa- 
tion of being a particularly aggressive place. Ambler™! 
has found that the distribution of chloride in the British 
atmosphere has the same general relation to distance 
from the sea as in West Africa, and that the corrosion of 
steel and zine bears no relation to salinity ; encourag- 
ingly, he considers that the corrosion of his aluminium 
specimens was so small as to give high errors on cleaning. 
A new hazard has been added to corrosion testing. At 
Llanrhystyd, Ambler’s specimens were liable to be licked 
by cows on the landward side ; he states that this would 
not be expected to give low results, but this surely 
depends on the corrosivity of cow saliva as against the 
beneficial effects of regular cleaning. 

In continuing its work on the basic causes and mechan- 
ism of corrosion, the National Bureau of Standards! 
in the U.S.A. has established that with large single 
crystals of high purity aluminium exposed to an acid 
mixture, configuration of etch pits differed according to 
crystallographic orientation, and the rates of attack 
varied radically from those observed in an alkali mix- 
ture. Edeleanu'® has studied the pitting mechanism, 
using 99-999°, aluminium foil in sodium chloride 
solution, and demonstrated that the rate of attack per 
unit of active area inside a pit is a constant, and that 
changes in an external polarising current change the 
rate of pitting only by altering the active area. An 
electron micrograph of a pitting system illustrates 
effectively the frequent changes in direction of the 
attack. In a general summary of the causes of pitting 
and its effects, Robinson’ makes the cardinal point that 
to avoid it one must eliminate the chloride ion or 
inhibit it; it is not always possible to adopt either of 
these admirable actions, so that pitting must sometimes 
be lived with and allowed for in design and selection of 
materials. 

Susceptibility to intercrystalline corrosion may be a 
less serious matter than proneness to stress-corrosion ; 
indeed, in the high strength Al-Zn-Mg-Cu alloys, stress- 
corrosion failure can occur when very little evidence of 
corrosive attack is to be detected. In developing tests 
for the susceptibility of this type of alloy to inter- 
crystalline attack, Ketcham and Taylor’ do not men- 
tion stress-corrosion, and while their tests are no doubt 
of value, tests including stress application would be 
preferred. Silver is highly cathodic to aluminium, and 
alloys containing large additions of silver might be 
expected to be correspondingly low in corrosion resistance. 
This has been shown to be the case by Stadelmeier and 
Whitener™ ; in their aluminium-silver alloy, Ag,Al was 
precipitated on the grain boundaries, and in a refrigerator 
atmosphere samples were completely pulverised in four 
weeks. A Committee of the National Association of 
Corrosion Engineers‘? has reported on its investigations 
of techniques applicable to the examination of aluminium 
corrosion products, including X-ray diffraction and 
fluorescence, thermal analysis, electrographic methods, 
spectrographic analysis, microscopic examination and 
quantitive and qualitative tests. 

Having purified water sufficiently for it to merit the 
application high-purity, the user is anxious to keep it so, 
and Knoedler ana Gordon'** have assembled test data 
on many materials that may be used for containers, 
pipes, ete., including steel sprayed with aluminium, and 
the same combination coated with a polyvinyl top coat. 
Commercially pure aluminium and aluminium-man- 


METALLURGIA 


a 
th! 
: 
: 
4 
3 
. 
ALS 
| 
= 


A general view of some of the 
aluminium rail vehicles on 
show at the Strasbourg 
Exhibition, 1960. 


ganese alloy tanks were also used, and the water showed 
0-035 parts per million of aluminium after 56 days’ 
storage ; a very low proportion. In comparing metals for 
compatibility with 90°, hydrogen peroxide, Bloom'** 
and his co-workers award classification | only to pure 
aluminium, certain aluminium alloys and zirconium. A 
rocket fuel rejoicing in the name of unsymmetrical 
dimethylhydrazine has been successfully stored in 
aluminium containers for three years without ill effect, 
as reported by Raleigh and Derr.“° Many somewhat 
unusual chemicals are needed in conjunction with rocket 
engines, and Geiger, Schuler and Mowers"*' have discussed 
material selection problems in the light of present know- 
ledge. Aluminium is compatible with hydrogen peroxide, 
nitrogen tetroxide, liquid fluorine and inhibited red 
fuming nitric acid, amongst other rocket chemicals. 
Aylmore, Gregg and Jepson™? have studied the oxides 
formed when aluminium is heated in dry oxygen and 
interpreted their results as showing crystallisation of an 
initially formed amorphous layer. Using an A.C. bridge, 
Lorking'* measured the capacity and thus the thickness 
of non-porous oxide films on aluminium ; chloride ions in 
solution increased the permeability of the film, and this 
was detected by potential measurements. Since a 
general air of pessimism permeates the account by Capp 
and Philibert'*4 about ship corrosion, their remarks about 
trouble with aluminium are perhaps less unacceptable ; 
however, they seem to be ill-informed about develop- 
ments since the war in such matters as riveting and 


boundary bar joints, and the general avoidance of 


bimetallic corrosion. The stupid things that are still 
done are exemplified in an account by Brooks'® of a 
floodlight from a fishing vessel, that had castings in an 
aluminium alloy containing 24°, copper, was bolted to- 
together with brass bolts, and employed an absorbent 
fibre gasket. It seems hardly conceivable, but these 
things still happen, even in the second half of the twen- 
tieth century. In the aircraft industry, hazards are much 
more fully recognised ; Heath’ has shown how modern 
aircraft design is being modified to provide access to all 
parts for inspection, to ensure that unobserved corrosion 
cannot proceed to cause a catastrophe. This require- 
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ment in design is, of course, most important in modern 
aircraft from which long service lives are expected. 

Corrosion at welds has not proved a serious problem 
with aluminium since the dangers of flux entrapment 
were eliminated by the adoption of inert gas-shielded 
welding methods ; however, trouble with large gas- welded 
cooking pans in aluminium-2°%, magnesium alloy 
described by Latimer’? was not due to flux residues. 
 Knife-edge ” attack along the sides of the welds was 
shown to be associated with the coarse structure of the 
partially fused zone, and the presence of continuous 
B-phase on the grain boundaries of the heat-affected 
zones. This could be avoided by welding at a faster rate 
with less heat input, e.g. by tungsten-are welding. Old- 
field and Twigg.'** investigating the staining of stainless 
steel tableware, tested blades in contact with galvanised 
iron and with aluminium in Sheffield tap water at 60° and 
100°C. They concluded that aluminium containers are 
reasonably safe for trays or baskets for washing stainless 
steel cutlery, but galvanised iron can cause staining. 
Aluminium-magnesium-silicon alloy (similar to H9.P) 
pipe, TIG welded, and used for sour gas was inspected by 
Flournoy™* after being buried for six years without 
protection in a soil of sandy loam and broken caliche. 
Where failure had occurred, it was by pitting from the 
outside, and chlorides were detected in the corrosion 
product. This experience shows that aluminium is 
resistant to sour gas, and may be installed bare under- 
ground if protection is afforded at local spots of high 
corrosivity. 

If one keeps the anti-freeze in the cooling system of one’s 
car from year to year, one runs the risk of corrosion of the 
cast-iron parts of the circuit, due to increase in acid 
content and reduction of inhibitor content of the cooling 
liquid. This has been shown by Collins and Higgins,'*° 
who also state that the danger of corrosion of other 
metals by the deteriorated anti-freeze is slight; only 
occasionally has slight pitting been seen with aluminium, 
and no corrosion necessitating replacement has resulted. 
Investigating the special case of hypereutectic alumi- 
nium-silicon alloys under conditions related to car 
engine cooling systems, Craig and Woods'*' have shown 
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that such alloys, even when coupled to copper, are 
corroded to a negligible extent if there are suitable 
inhibitors in the coolant; in general, hypereutectic 
aluminium-silicon alloys are more corrosion resistant 
than cast iron. 

Sundararajan and Char, continuing their studies of 
inhibition of the corrosion of aluminium, have assessed 
the effects of acridine, nicotinic acid, dextrin, thiourea 
and tannic acid in dilute hydrochloric acid ;!* all were 
efficient. In a second paper’ these authors describe 
polarisation studies in acid and alkaline solutions, with 
thiourea and dextrin as inhibitors, and conclude that 
cathodic protection is possible in acid solutions in the 
potential range — 0-55 to — 0-80 V. In both these 
papers one meets again the curious material previously 
described by Sundararajan and Char, namely 92°, pure 
aluminium, containing 3°, Fe, 4% Mn, 1% Si; doubts 
about decimal points return more strongly than ever. 
Using some impressive mathematics, Bauer and Eddy" 
have compared various possible anode materials for the 
protection of water tanks. One interesting factor 
affecting choice is whether or not the water freezes and 
breaks the anode or suspension ; if it does, aluminium is 
used, because of its cheapness. 


Chemical conversion coatings have been summarised 
by Ayres,!® considering them principally from the point 
of view of corrosion resistance, which is conferred by low 
chemical activity and solubility. Wells'®* and Pinner'®’ 
have surveyed recent advances in chemical and electro- 
lytic polishing, on all relevant metals including alumi- 
nium. Blencowe and Brace'®* have made a pilot plant 
study of the Aluflex process, which uses a sulphuric acid 
electrolyte, with small additions of chromic acid, for 
electro-brightening. A good standard of brightness was 
attained. 

The automatic control of anodising'** is one method of 
cutting costs, and a window manufacturer has installed 
such a plant for treating aluminium window frames. 
This is the first plant in this country to be so equipped, 
the advantages being that skilled labour is not required, 
the anodic film is constant, and the human factor is 
eliminated. Over 2,000 tons a year of aluminium strip 
are used for can manufacture in Norway ; Nickelsen'’® 
has described the continuous anodising and lacquer 
sealing of this material. Future plans envisage a four- 
fold expansion of output, and additional uses of the 
product, such as crown corks, pharmaceutical con- 
tainers and architectural applications. In considering 
the possibilities of a large range of aluminium alloys for 
bright anodising, Howitt and Jenks!™! emphasise the 
importance for good finish of correct metallurgical com- 
position and structure. They note that for bright finishes 
on high strength components Al-Mg-Si and Al-Zn-Mg-Cu 
alloys offer promise, if produced under rigidly controlled 
conditions. 

A translation has appeared of a well-known German 
book!” on anodising, which is particularly useful for its 
descriptions of the plant and equipment used in that 
country. 

Plating of aluminium, although well established, is not 
applied to any great extent ; it is therefore interesting to 
read of the application of chemical nickel'” to aluminium 
to provide wear resistance and solderability. Hammond 
and Williams'™* have reviewed the available information 
on the effect of electroplating on resistance to fatigue. 
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They note that chromium coatings on aluminium alloy 
cause appreciable reduction in fatigue strength. 

Vitreous enamelling of aluminium is getting around 
again, and Lister and Brace'”® have described the 
present position in this country. The article covers 
pretreatment, slip preparation, processing and quality 
tests, as well as some current applications. One recent 
use of vitreous-enamelled aluminium is in architectural 
trim for a college'”* in the South of England. Plastics 
coatings'’? are applied to aluminium and its alloys for 
several reasons, notably electrical insulation, low friction 
characteristics, reduction of impact damage, and to 
eliminate dangers of bimetallic corrosion ; the relative 
merits of a range of such coatings have been discussed. 

Clark'7* has provided an addendum to his previous 
work on the protection by painting of aluminium alloys 
for use in chemical factories ; painted HS30-WP was 
still in good condition after seven years’ exposure, and 
much painted sheet has been installed in aggressive 
areas. Failures of aluminium alloy hook bolts occurred 
when they became coated with caked damp potassium 
chloride. It is good to read of the repainting of alumi- 
nium prefabricated bungalows ;'7° so many of them 
received no such treatment following their installation in 
the period 1945-1947. The case described was the first 
repainting in 15 years, and was accomplished with a 
plastic emulsion paint in several colours. Pressure die- 
castings forming an outboard motor!*® are pre-treated by 
Bonderizing, receive a stoved priming coat and finally a 
special modified epoxy-resin finishing coat. In Weathero- 
meter tests, the finish was unaffected by eight weeks’ 
exposure. 

The literature on the protection of iron and steel by 
aluminium coatings continues to increase, and Andrews!*! 
has reviewed the various methods of application and the 
properties of the coatings produced. Payne'*? and 
Curson'*®* have discussed metal spraying generally, and 
both take the view that, while aluminium is the best coat- 
ing for steel in industrial exposure, it is slightly inferior to 
zine in marine environments ; this latter distinction is 
not accepted by all observers. Nicholls'**1*° provides 
two papers on hot-dipping, one concerned with all 
coating metals and the other with aluminium only, 
covering both batch and continuous aluminising. Using 
metal spraying and hot-dipping followed by a diffusion 
treatment, Mitchell'** and his colleagues have shown 
that aluminising improves the resistance of plain carbon 
and low alloy steels to creep and fatigue at 650° C., but it 
must be ensured that any reduction of strength due to hot- 
dipping is more than compensated by increased resistance 
to sealing. 

Porter'®? has joined the ranks of those who regularly 
submit to the slavery of trying to give some impression 
of the literature appearing during the year by providing 
an informative survey of that on the corrosion and 
protection of aluminium and its alloys. 


Applications 


Following the interest created by the Oriana, the 
launching of the Canberra, designed for the run across the 
Pacific to North America, has confirmed the acceptance 
by shipbuilders of aluminium superstructures. Brierly'®* 
has described the design of the ship, and presented some 
thoughts on the extent to which the superstructure con- 
tributes to the strength of the vessel. Two French 
alumina ships,'**® bearing the appropriate names Sainte 
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Claire Deville and Paul Héroult, have deck structures of 
aluminium ; approximately 100 tons of the metal were 
used in each. An oil tanker!*®® for the Rhine, aptly 
called Aluminia, is of all-aluminium construction, and so 
has a considerable increase in capacity for the same 
draught as a comparable steel vessel. In order to obtain 
maximum lightness, a landing craft'™ for the Air 
Ministry has been constructed in aluminium ; it provides 
an effective vehicle deck length of 30 ft. The credit for 
building the world’s first nuclear ship has gone to the 
Russians, but the Americans are to have the first nuclear 
aircraft carrier'® and it has been announced that the 
ship will have aluminium elevators. 


Aluminium hatch covers!® are now well established, 
fabricated by welding or casting. Complete ship sets of 
the welded type have been installed in three Royal Mail 
Line vessels, the method of construction being approved 
by Lloyd’s Register of Shipping. Elliott'™ has des- 
cribed the history and testing of aluminium alloy side 
scuttles for ships, which are accepted by the Ministry of 
Transport. Stands for marine compressors'® are made 
as gravity die castings in alloy LM6-M; apart from 
lightness and corrosion resistance, the choice of alumi- 
nium is dictated by magnetic considerations. In testing 
forged aluminium ships’ fenders'®* which in use are 
fitted with rubber tyres, two ships totalling 52,000 tons 
came together at an angle of 15°, one ship stopped and 
the other doing 2} knots, without damage or serious 
jarring. 

A useful table has been published indicating the 
applications of aluminium’*? in the 1961 models o 
various motor cars, together with a brief forecast of 
what may happen further ahead. One possibility, of 
course, is the adoption for the average car of aluminium 
cylinder blocks and heads, and their merits and diffi- 
culties have been summarised.1®* Aluminium continues 
to be the standard material of construction for buses ; a 
new forward entrance design'®® with low floor has been 
described. So much is pre-packaged nowadays that one 
should not be surprised to learn that there is now avail- 
able a kit of aluminium parts to make a lorry body.?°° 
A tipper for granite chippings®*™ has an all-welded body 
in aluminium weighing only 12} ewt. with a payload of 
16} tons. Bulk transport of powders by containers fitted 
for low pressure discharge continues to expand; a 
sugar container*® is made by welding from sheet in 
NS5 and NS6, and sections and tube in H9-WP. Under- 
frame pedestals?™ for lorry bodies are gravity die cast 
in alloy LM4-M; cast treads in aluminium alloy?” 
form part of the “ Trav-O-Lator ” for the Bank station 
in the City. 

The past year was an important one for aluminium in 
railway applications. The Aluminium Development 
Association, in conjunction with the Institution of 
Locomotive Engineers, held in May a successful sym- 
posium on the subject, the proceedings of which have 
now been published. Then, in June, the Centre Inter- 
nationale de Developpement de l’Aluminium arranged 
at Strasbourg?®2%207 an international exhibition of 
aluminium in railway rolling stock, at which no less than 
forty-five vehicles were on show. Early in the year the 
first aluminium trains*®* were delivered to the Piccadilly 
Line, following successful experience on the District Line. 

The account has been published®®* of the A.D.A. 
Building Symposium held in 1959; its papers and dis- 
cussions present in one volume a large part of present 
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Courtesy of C. C. Wakefield, Ltd, 
Aluminium curtain walling on Castrol House. 


knowledge on the subject of aluminium in building. 
Johnson’s*!° exhaustive paper on curtain walling systems 
has been serialised separately. A new system of attach- 
ment?!! for corrugated aluminium sheeting for industrial 
building involves the impalement of inner sheeting and 
insulation material on a steel stud, followed by the out- 
side sheeting and a steel cap. Wall cladding need not be 
made from sheet ; an attractive extruded cladding?” in 
alloy HE9-P is available with a secret fixing device. 
The Palico building?"* in Manila has been provided with a 
curtain walling system by a British company, in anodised 
aluminium—5°%, silicon alloy, which gives an attractive 
natural grey colour. An Applications Brochure on 
aluminium corrugated and troughed sheeting?"* is now 
available, giving full details of sheet profiles, fixing 
arrangements, and installation practice, together with 
general information on the characteristics of aluminium 
important in roofing and vertical cladding. 

After all the excitement, the aluminium eagle on the 
new U.S. Embassy building*” turned out to be quite 
unobjectionable. Despite its size, it does not stand out 
when in place on the large building ; even its baldness 
is not at all obvious. This and other features in alumi- 
nium have been described, notably the gold anodised 
frieze and mullions. Standardisation has been applied 
to a large degree in the design and manufacture of 
aluminium prefabricated houses.*"* 

Over the new headquarters of the American Society 
for Metals**? in Novelty, Ohio (well named !), is a 250 ft. 
diameter geodesic dome, made from 13 miles of extruded 
aluminium tube and tension rods. A self-supporting 
roof?'* is made from braces of alloy HE30-WP with 
sheet of NS3, and has a loading of only 2} Ib./sq. ft. of 
area roofed. The aluminium roof of the Scottish Ski 
Club Hut*!* on Meall a’ Bhuiridh was lifted in sections 
from the roadside at Moor of Rannoch by helicopter ; 
at last the engineer has the elusive skyhook at his 
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disposal. To prevent the hardening of a bitumen roof 
by the sun, it may be capped with aluminium foil?*° 
0-015 mm. thick. 

Aluminium windows are even better if double glazed, 
and a choice of types is offered by a Swiss design?! now 
being produced in this country. Aluminium doors??? 
are now available in standard sizes, either natural finish 
or anodised, 

Towers in aluminium have the advantages of ease of 
transport and erection. One type®®* that is available is 
made from tubing in HV30-WP and castings in LM8-WP 
and is partly constructed by welding. Another larger 
design®™ is also in H30-WP, and is 366 ft. high. A 
welded tower,” made in the U.S.A. in an alloy similar 
to HE20-WP, is sufficiently strong to withstand winds of 
hurricane force. The new Roman Catholic Church at 
Merstham in Surrey has an aluminium steeple,?”* again 
in alloy H30-WP. To speed the building of bridges on 
the Oxford by-pass, the contractors are using an alumi- 
nium launching truss**? to handle concrete beams of 
78 ft. span and weighing 42 tons each. The advantages 
of aluminium for seaside railings®®* are obvious, and 
their extra initial cost is soon recovered because of the 
absence of maintenance charges. Installations have been 
made at various places in Kent. 

It is unfortunate that economics ensure that news of 
progress in the use of aluminium in canning comes 
mainly from abroad. A brewer in the U.S.A. is producing 
his own beer cans®**in aluminium by a continuous process 
including direct casting of strip and impact extrusion. A 
quick-opening aluminium can end**° has welded to it a 
tag which, when pulled, tears away the whole of the top 
leaving a safe edge. Elliott? has described the manu- 
facture and testing of aluminium collapsible tubes, 
which nowadays represent somewhere between 60°, and 
80%, of the output of this type of container. 

Aluminium is frequently used to encase insulation on 
pipelines. Recently a 30 in. steam main** together with 
smaller insulated pipes was afforded permanent protec- 
tion by wrapping with aluminium strip fastened by 
“Pop” rivets; 7 tons of metal were needed. In 
Louisiana, a 6 in. diameter pipeline** for high pressure 
gas, one mile long has been installed by welding using 
butted tubes. Concrete pipe lines may be formed in situ 
by using aluminium formers™ for the inner core, and the 
earth of the trench for the outer mould. In the brewing 
industry, aluminium is used in many ways, from the 
roofing of buildings to barrels ; these applications have 
been described.2 

An important advance in the electrical field is the 
development of shaped solid conductors*** to replace the 
cores of stranded cable. Aluminium foil is being used 
increasingly for windings, especially in solenoids.*57 
Thomas and Rata™* have provided a comprehensive 
handbook on the design, construction and installation of 
aluminium busbars. 

In the home and office, aluminium is welcomed for its 
lightness and pleasant appearance. Typewriter bodies®>* 
are made as pressure die-castings, and a description has 
appeared of one particular model. TIG welding is 
applied to the manufacture of aluminium chairs for 
both home and office use ; an anodic finish ensures good 
appearance.*° In a well-known gas cooker! with 
barbecue grill, pressure die-castings in aluminium are 
used for frame and burner parts. 

In the headquarters of a famous oil company, an 


aluminium decorative mural*? has been installed, 
measuring 50 ft. by 24 ft., and requiring no less than 34 
tons of metal. An account of the properties of super- 
purity aluminium** rightly stresses its decorative 
applications, since such beautiful finishes may be 
obtained upon it by brightening, anodising and dyeing. 


Standards 


A most important event occurred in 1960—the pub- 
lication of the first recommendation by the International 
Standards Organisation* dealing with aluminium 
(although it has the date 1959 it was not issued until the 
year of the gamekeeper). The document, R115, which 
covers pure aluminium other than refined aluminium in 
the form of remelt ingot and pigs, embraces five grades, 
namely 99-00, 99-30, 99-50, 99-70 and 99-80. It is not 
an international standard ; its effect is indirect, in that 
each member country of the [L.S.0. is morally bound, 
when writing or amending national standards on this 
subject, to make them not less stringent than R115. 
Also in the international field, the International Electro- 
technical Commission*® has issued its publication 121 on 
commercial annealed aluminium electrical conductor 
wire, which covers resistivity and mechanical proper- 
ties. The document and some of its predecessors dealing 
with resistivity have been compared and discussed.** 

Turning to British Standards, the B.S.1. has published 
a number of new and revised documents that mention 
aluminium. Aluminium-magnesium-silicon alloy over- 
head conductors™? are the subject of B.S. 3242; the 
specified electrical and mechanical properties are in 
general in conformity with I.E.C. recommendations. 
Part 2 of B.S. 2901 covers wires in several metals for use 
as filler materials*** in MIG welding, including all the 
standard purities of aluminium, an aluminium-silicon 
alloy and two aluminium-magnesium alloys. Two 
revised standards have been published for equipment for 
the fire service, and both include suitable aluminium 
alloys ; B.S. 33674 is for fire hose couplings, and B.S. 
3251%° for hydrant plates. Yet another revised standard 
is B.S. 269875! on containers and notes for filmstrips, 
aluminium being one of the permitted materials for 
containers. 

At the request of the Local Authorities Standards 
Advisory Committee the B.S.I. has prepared and pub- 
lished B.S. 327252 which deals with aluminium food 
storgage bins, principally for school catering. In 
B.S. 32778 aluminium is one of the materials permitted 
in the manufacture of orthopzdic thigh corsets and cuff 
tops. 

An important standard was issued towards the end of 
the year covering tubular heat exchangers for general 
purposes, namely B.S. 3274.%* In addition to other 
metals this covers suitable grades of pure aluminium and 
aluminium alloys and design stresses are given for 
various temperatures of operation. 
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Oxygen Converter Order 
Davy & Unirep ENGINEERING Co., Lrp., has received an 
order worth about £300,000 from the Broken Hill 
Proprietary Co., Ltd., for the design and supply of two 
200-ton basic oxygen converter furnaces, to be installed 
at the company’s works at Newcastle, New South Wales. 
Through their former subsidiary, Duncan Stewart & 
Co., Ltd., Davy-United have had an interest in the design 
and manufacture of converters extending over many 
years, and with the advent of oxygen steelmaking 
processes they joined forces with British Oxygen to 


form Davy British Oxygen, Ltd., to operate in this 
field. Later, Davy-United formed a steel processes 


division to absorb the personnel of and develop the work 
previously undertaken by Davy British Oxygen. The 
recent merger with The Power-Gas Corporation to form 
the Davy-Ashmore group now enables a substantial 
proportion of such plant to be manufactured in the 
Stockton shops of Davy-Ashmore, for which they are 
well equipped. Further, an alignment between Ashmore, 
Benson, Pease & Co., Ltd., and the Pennsylvania 
Engineering Corporation of Pittsburgh, U.S gives 
Davy-Ashmore access to converter design based on the 
most modern American converter practice, while still 
retaining the essential qualification of British manu- 
facture and supply. 

The first fruits of these arrangements has been the 
placing of this Broken Hill order, which represents a new 
phase in the development of oxygen converter steel- 


making, which has hitherto been limited to furnaces of 


about 100 tons capacity. 


Rolling Mills for E.S.C.’s Tinsley Park 
Plant 
Two Sheffield engineering companies, acting together as 
a consortium, Davy & United Engineering Co., Ltd. (a 
member of the Davy-Ashmore group) and The Bright- 
side Foundry & Engineering Co., Ltd. (a member of the 
Brightside group), have secured a contract worth just 
over £2} million to build rolling mills required for the new 
Tinsley Park Works of English Steel Corporation, Ltd., 
the largest single industrial development so far under- 
taken within the city of Sheffield. This contract covers 
plant designed primarily for the quantity production of 
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high quality alloy and special carbon steel billets. It 
consists of a 42 in. x 102 in. blooming and slabbing mill, 
two 32 in. » 84 in. reversing billet mills, and an exten- 
sive range of billet finishing equipment. Provision is 
being made in the layout of the plant for the subsequent 
addition of a third billet mill stand at a later date. 

The new plant, which is expected to be in full operation 
early in 1963, will treble billet output at E.S.C., lifting it 
from 130,000 to 380,000 tons a year, and will also enable 
more economical production to be effected. The plant 
will, however, have a further production facility. In 
addition to rolling special steel ingots weighing between 
2} and 5 tons for conversion into billets, the blooming 
and slabbing mill will also be equipped to roll slab ingots 
of stainless steel weighing 10} tons to feed the neigh- 
bouring hot strip plant of Shepcote Lane Rolling Mills, 
Ltd., in which E.S.C. have an interest through Firth- 
Vickers Stainless Steels, Ltd. 

English Steel Corporation, Ltd., has placed a further 
contract, valued at approximately £1 million, with The 
Brightside Foundry and Engineering Co., Ltd., covering 
the building of the bar mills at Tinsley Park. This 
further order is for a highly mechanised and versatile 
plant specifically designed for the production of alloy and 
carbon steel bars of high accuracy and quality at high 
rates of output. It is believed that they will be the 
most modern of their type in the world, embodying many 
special features. When completed, total capacity for 
production of rounds, flats and other sections in alloy 
and special carbon steels will exceed 100,000 tons per 
annum, 


Davy-Ashmore Export Company 


Davy-AsuMorE, Lrp., have formed Davy-Ashmore 
Export Co., Ltd., to manage and develop the overseas 
selling and engineering organisation and to promote a 
further extension of the group’s export trade in capital 
goods. The directors of the new subsidiary are: Mr. 
M. A. Frennes (chairman), Mr. D. L. CampsBeiyi, M.C. 
(managing director), Mr. D. M. R. Brown, Mr. M. F. 
Dowprne, Mr. T. K. Harereaves, D.S.0., Mr. C. 
Rosson, Mr. R. W. RutuerrorpD, Mr. H. M. SuTHEr- 
LAND and Mr. H. H. Urtey: Mr. L. Davis is secretary. 
The new company will operate from offices at 15 Portland 
Place, London, W.1. (Tel.: Langham 5588). 
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Annealing Pearlitic Blackheart Malleable 
Iron Castings 


General view of the installation from the discharge end with the low temperature furnace 
nearest the camera. 


in the automobile and allied industries in this 

country is growing, and Ley’s Malleable Castings 
Co., Ltd., who have been making their Lepaz pearlitic 
malleable for thirty years, decided some time ago that 
additional capacity was required. Accordingly, AEI- 
Birlec was commissioned to build continuous equipment 
with a minimum capacity of 150 tons per week for Ley’s 
new annealing department. It was emphasised that 
high quality of product was essential and that design and 
construction must ensure that the plant run with only 
routine maintenance from summer holiday to summer 
holiday. Moreover, automatic operation was to be 
adopted to ensure consistency and to reduce labour costs 
to a minimum. 

While batch furnaces can be used for the annealing 
of pearlitic material, the very fast and uniform cooling 
required after the high temperature part of the annealing 
cycle to provide high quality can best be obtained by 
handling in comparatively small quantities in a con- 
tinuous plant. The equipment has now been operating 
under normal production conditions for almost a year, 
and already it is clear that the chief aims have been 
achieved, in quality of castings produced and reliability 
in service. 

The plant is designed for the scale-free annealing of 
pearlitic castings at a rate of 1 ton/hour. This is 
achieved by charging together into the high temperature 
furnace four trays per hour, each holding about 5 ewt. 
of castings. These trays are discharged individually, 
one every 15 minutes, for the castings to be cooled and 


use of pearlitic blackheart malleable castings 
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then progressed through the low temperature furnace. 
The time /temperature cycle used is as follows : heat to 
950° C. in 4 hours ; hold at 950° C. for 15 hours ; cool 
to approximately 650° C. in not more than 5 minutes ; 
re-heat to 700° C.; hold at 700° C. for 44 hours ; and 
cool to handling temperature. 


Plant Details 

The plant comprises a furnace for the high temperature 
part of the cycle, followed by a charge dumper and air 
blast cooling conveyor and, finally, a low temperature 
furnace with cooling station and tray discharge gear. 
Conveyors are included for returning the trays to the 
charging areas. The furnaces are of the pusher tray 
design with hydraulic operation and automatic sequence- 
ing throughout, the complete plant being operated by 
two men only, with the necessary occasional supervision 
by the heat treatment superintendent and laboratory 
personnel. 

High Temperature Furnace.—The high temperature 
furnace has four tracks and is equipped with lock cham- 
bers to ensure that the atmosphere in the main chamber 
is substantially undisturbed during charging and dis- 
charging. The charge end lock chamber is designed 
to accommodate a charging car entering from one side 
and carrying four trays. It houses also the four pusher 
heads, which, by means of hydraulic cylinders, progress 
the lines of trays through the furnace. A vertically 
rising door communicates with the main chamber. 
The discharge lock chamber is on similar lines, with skid 
rails onto which the trays are pushed from the furnace, 
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The charge end of the high temperature furnace. 


being discharged one at a time by a cross pusher into a 
discharge vestibule, from which another pusher projects 
them onto the dumper table. The necessary doors are 
operated in sequence with the other movements. The 
furnace is electrically heated in four zones, with a total 
rating of approximately 600 kW., nickel-chromium tape 
elements being used in the roof and Birlec cast grid 
nickel-chromium elements in the hearth, the latter to 
resist failure due to build-up of foreign matter. 


High Temperature Tray Dumper.—The dumper table 
is lifted hydraulically complete with tray, the action 
being such that the tray is tilted to an angle for discharge 
of its contents onto the cooling conveyor. After cooling 
has been carried out the table returns to its normal 
position automatically, and the empty tray is passed 
onto the return conveyor and finally into position for 
re-charging. 

Cooling Conveyor.—The cooling conveyor is an inclined 
unit of the vibrating type. It is fitted in a chamber 
which forms a duct along its length, with air blown onto 
the underside by a powerful fan, the hot air being dis- 
charged upwards. After cooling to below a chosen 
temperature, the castings are passed by the conveyor 
to a tray of larger size than those used in the high tem- 
perature furnace ready to go into the low temperature 
furnace. The use of the large tray avoids the labour of 
re-packing by hand. 


Low Temperature Furnace.—This furnace takes a 
single row of trays, a hydraulic pusher situated under 
the cooling conveyor being used to convey them through 
it. The furnace is a straightforward electrically-heated 
three-zone unit rated at 290 kW., and is fitted with fans 
to ensure the correct heating conditions. The heating 
elements are of nickel-chromium tape on the side walls 
and partly on the roof. Doors are fitted, the one at the 
charge end being hydraulically operated in sequence 
with the other operations. The discharge door is left 
permanently open and is only fitted for use during 
heating-up the furnace after a shut-down period. 


Across the charge end of the furnace there is a section 
of conveyor extending from the tray return conveyor. 
In it there are three tray positions in front of the furnace. 


The first of these is a “ tray ready ” position 
into which the operator pushes an empty 
tray ready for it to be transferred later to the 
* loading “ position. In the latter, an empty 
tray receives a charge from the cooling con- 
veyor automatically, and is then passed into 
the furnace as indicated earlier. The third 
position is used for final cooling off of a tray 
of castings if other than the normal low 
temperature treatment is to be given, e.g. 
re-heating for oil quenching. 


Final Handling.—Cooling the castings for 
handling is achieved by air blast as each tray 
emerges from the furnace. There is an 
elevator table to receive each individual tray, 
and at its upper position this table is inclined 
sufficiently to allow free gravity discharge via 
a fixed inclined roller track onto a discharge 
dumper. This dumper discharges the castings 
into the skip used to take them to the next 
process and later deposits the tray on the 
return conveyor, which is inclined so as to 
take trays back to the charging end of the low tempera- 
ture furnace by gravity. 


Atmosphere.—A 2,000 cu. ft. hr. nitrogen generator 
has been supplied to provide atmosphere for purging the 
lock chambers after the charging and discharging 
operations, and to ensure that the atmosphere established 
in the high temperature furnace is substantially un- 
affected throughout the heating and soaking period in 
this furnace. This is most important, as it is desired 
to ensure that decarburisation is kept to a very low 
figure in an endeavour to obtain the highest possible 
quality results. The plant includes a storage vessel for 
2 hours supply of gas to enable routine maintenance to 
be carried out without impairing operation of the furnace, 
and to provide the short time high rate of flow required 
for purging the lock chambers. 


Control Gear.—The usual system of control for power 
and auxiliary circuits and for temperature has been 
The electrical equipment is fully interlocked 
and incorporates all necessary safety features. The 
temperature control and recording instruments are 
accommodated in a very well arranged control room, 
which also contains the controls for the elevator batch 
furnaces supplied by AEI-Birlec some years ago. The 
oil hydraulic pumping and control equipment is con- 
tained in a cabinet alongside the furnace, and the main 
operating controls with sequence switch and timers are 
in a cubicle at the charge end of the high temperature 
furnace. Warning devices as necessary to keep the 
operators informed are incorporated. It is claimed that 
with such controls in operation, labour costs are low, 
product quality is high, and reliability of operation is 


good. 


adopted. 


The system of sequence control with a cam type 
rotary sequence switch in conjunction with hydraulic 
circuits for multiple movements used in large continuous 
furnaces was developed by AEI-Birlec engineers. It 
has been employed many times with complete success, 
particular earlier examples being for continuous car- 
burising furnaces, some of which have been in operation 
for nearly ten years. 
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Some Results of the Examination of Aluminium 


Alloy Specimen Fracture Surfaces 


By P. J. E. Forsyth and D. A. Ryder 


Royal Aircraft Establishment, Farnborough 


Fatigue, 
examined by optical and electron microscopy. 


irregular process and dependent on the shape of crack front developed. 
fracture striations is discussed and a tentative mechanism for their formation proposed. 


stress-corrosion and tensile fracture surfaces of aluminium alloy specimens have been 
It was observed that fatigue crack growth was an 


The nature of fine fatigue 
Brittle 


intercrystalline tensile fracture in the materials examined was characterised by a dimpled fracture 


pattern. 
and the migratio.: 


fracture have been the subject of much research. 

Brittle fracture’ and creep fracture’ are at least 
partially understood, and recent work based on the 
earlier observations of Tipper? has led to important 
advances in the field of ductile transcrystalline fracture.‘ 
In aircraft materials, particularly the high strength 
aluminium alloys, fatigue fracture and stress-corrosion 
fracture are of primary interest. The bulk of the 
metallographic work on fatigue has concerned the early 
stages of the process up to the initiation of fracture, 
propagation studies being largely confined to observa- 
tions of crack growth rate as measured on the specimen 
surface. The crack growth period is of the greatest 
practical importance, since it may occupy more than 
80°, of the total fatigue life of a given specimen. 
Similarly, the mechanism of brittle intercrystalline 
fracture which characterises stress-corrosion cracking in 
these materials is little understood. This paper describes 
some observations made on such fracture surfaces by 
optical and electron microscopy. 


° YHE mechanisms by which metals and alloys may 


Observations of Fatigue Fracture Surfaces 
The main macroscopic features of a classical fatigue 
fracture are apparent lack of ductility and the presence 
of “tide marks” on the fracture surface. These are 
often present as alternate dull and brightly reflecting 
crescents. Microscopic examination at high powers 


Fig. 2—-Alternate dull and bright progression marks on 
fatigue fracture surface near origin of failure. Shoot 
specimen. 
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A mechanism for this mode of failure, involving the growth of lens shaped voids at boundaries 
of kink bands, is proposed. 


showing striations 
Optical micrograph. 


surface 
produced at different stress levels. 


Fig. 1- Fatigue fracture 


often shows the characteristic pattern of fine striations 
or lamellae first observed by Zappfe and Worden,® each 
of which is produced by a single cycle of stress.° Fig. 

shows an example of fatigue fracture striations on a 
specimen subjected to a single cycle of high stress, seven 
cycles at a lower stress followed by twenty-seven cycles 
at a still lower stress. The striations due to each of these 
stress levels are clearly visible in Fig. 1 and were found 


Fig. 3--Same specimen as Fig. 2 but field 2 in. from 


origin of failure. 
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Fig. 4—-Diagram showing change of shape of crack front 
with change of fracture mode. 


to correspond numerically with the number of cycles of 
load applied to the specimen. 


The Nature of Progression Marks on Fatigue Fractures 


Alternate dull and bright crescent-shaped progression 
marks are a common feature of fatigue fracture and their 
presence has generally been accepted as evidence of 
variation in the rate of crack growth.? Good examples 
of these markings are shown in Figs. 2 and 3, which are 
photographs of parts of the fatigue fracture surface of a 
large D.T.D. 687 sheet. Fig 2 shows the fracture near 
the origin of failure and Fig. 3 the fracture surface 2 in. 
from where the crack began. The specimen was tested 
at 14,000 + 2,000 Ib. /sq. in. load and failed after 34,000 
cycles. An obvious feature was that the crescent marks, 
which represented successive positions of the crack 
front, became progressively more tongue-like as the 
crack grew. This effect shows most markedly in sheet 
specimens, but has also been observed in heavy sections 
of both clad and unclad light alloy. Examination of 
such specimens at high magnifications showed that fine 
fatigue striations only appeared on bright zones of the 
fracture. The dull zones showed only the dimpled 
pattern which Crussard® and others have shown to be 
characteristic of tensile failure. On a microscopic scale 
the texture of these zones was identical with that of the 
tensile failure produced on final fracture of each speci- 
men. It was therefore inferred that fatigue crack 
growth in such specimens entailed alternate bursts of 
slow and fast fracture. It was also noted that the shape 
of the crack front changed during each burst of fracture, 
as shown diagrammatically in Fig. 4. After each burst of 
fast fracture the crack front was tongue-shaped and its 
trailing edges made some angie @,, with the edge of the 
specimen. During the subsequent period of slow growth 
the tip of the crack advanced a distance x, while at the 
edge of the sheet it grew some much greater distance y. 
During the same period the angle @, changed to some 
greater angle @,. The crack front had in this period 
tended to shorten itself and develop a double curvature. 


Fatigue Fracture Striations 
The nature of fatigue fracture striations and the 


Fig. 6—-Diagram showing the profile of fatigue failure 
striations. 
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Fig. 5-—Fatigue striations on the fracture surface of a 
duralumin forging. Optical transmission micrograph 
of polystyrene replica. x 1,000 


mechanism which produces them is not clearly under- 
stood. It seems most unlikely however that they are 
connected with some micro-cellular structure as sug- 
gested by Zappfe and Worden.’ Fig. 5, which shows 
striations on the fracture of a duralumin forging that 
failed in service, illustrates many of their characteristics. 
When examined microscopically with vertical illumina- 
tion it was observed that striations could be resolved 
into two parts, a dark band with an immediately 
adjacent light band. Examination using Tolansky’s 
light profile technique® suggested that the contour 
section of striations is that shown in Fig. 6. An impor- 
tant observation was that mating fracture surfaces did 
not interlock but peak matched peak. It seems probable 
that such a profile could arise from a ductile fracture 

brittle fracture sequence. Examination of a large 
number of laboratory and service fatigue failures showed 
that the proportion of ductile to brittle fracture in an 
individual striation depended upon the ductility of the 
specimen as measured in the conventional tensile test. 
Highly ductile alloys of the aluminium-magnesium type 
had striations of almost saw-tooth profile with little 
evidence of brittle behaviour. Aluminium-copper alloys 
had striations with much smaller peaks, each associated 
with a substantial region of brittle fracture. In the 
aluminium-copper-zinc-magnesium alloys, even less local 
ductility was shown and striations were frequently not 
resolved by the optical microscope. It was noted that 


Fig. 7--Fatigue fracture surface, lightly electro- polished 


and etched, showing traces of striations. Aluminium- 
4°, copper alloy. < 1,000 
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Fig. 8 -Stress-corrosion fracture surface of D.T.D. 683 
forging showing dull and bright crescent-shaped 
progression marks. « | (approx.) 


the plateaux, upon which striations are most easily 
observed, were separated by steps or valleys, and in 
many cases local origins of failure were seen which 
generated fan-shaped plateaux (Fig. 5). This photograph 
also illustrates the observation that fatigue crack fronts 
were often of irregular shape with local variations in the 
direction of crack propagation. Lightly electropolished 
and etched fatigue fractures have been examined and it 
appears that each fatigue striation may be associated 
with a deformation band. <A typical example of a 
polished and etched fracture is shown in Fig. 7. In 
duralumin alloys these deformed zones were sometimes 
regions where re-solution of precipitate had occurred. 


Examination of Stress-Corrosion and 
Intercrystalline Tensile Fractures 


Stress-corrosion fractures and fatigue fractures in 
light alloys have many similarities, in that both may 
show crescent-shaped progression marks, both occur 
with little overall elongation, and both spread under 
tensile loads. Fig. 8 shows a stress-corrosion fracture 
in a D.T.D. 683 aluminium-zine-magnesium-copper alloy 
forging. It was noted in this specimen that changes of 
shape of crack front had occurred as the crack progressed 
that are directly analogous to those described for the 
D.T.D. 687 sheet fatigue specimen. Microscopic exami- 
nation of the brightly reflecting zones of stress-corrosion 


-Dull zone of stress-corrosion fracture showing 
inclusion. 
x 7,500 


Fig. 11 
shallow depressions, often with central 
Electron micrograph. 
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Fig. 12- 
boundary facet. 


Fig. 9 -Bright zone of stress-corrosion fracture surface 
showing polygonal pattern produced by small local tilts. 
Electron micrograph. « 7,500 


fractures showed that they were the result of inter- 
crystalline fracture with little accompanying plastic 
deformation, so that the boundary surfaces of individual 
grains had retained a high degree of perfection. A fine 
polygonal network was sometimes observed on such 
surfaces, with small but sharp tilts between adjacent 
cells (Fig. 9). It is probable that this pattern was 
produced by fracture through main grain boundaries 
intersected by sub-boundaries in the manner shown 
diagrammatically in Fig. 10. 


= == GRAIN 
} BOUNDARY 
SUB BOUNDARIES 
Fig. 10--Diagram showing how small tilts might be 


produced by the interaction of sub-boundaries with 
a main grain boundary. 


The dull zones of stress-corrosion fractures, which are 
produced by more rapid fracture than the light zones, 
were characterised by a dimpled pattern which Crussard 
et al® have shown to be characteristic of ductile trans- 
crystalline fracture in a number of metals and alloys. 
The dimples were small saucer-shaped depressions in the 
fracture surface, often with a small particle of inter- 
metallic compound at the centre. These depressions are 
probably much shallower than those produced in ductile 


Isolated depressions on an otherwise smooth 
Electron micrograph of stress-corrosion 
fracture surface, x 7,500 
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CRACKED 
INCLUSION 


Fig. 13 (left) 


Showing fracture behaviour of a 
ductile material with a uniform 
distribution of crack-initiating 
particles: (a)cup and cone fracture ; 
(b) limited ductility due to notch. 


decohesion”’ in a low 
ductility material: (a) single shear; 
This behaviour 
is characteristic of sheet material. 


(a) 


OBLIQUE CONE 
SHAPED VOIDS 
LYING ALONG 
THE FRACTURE 
SURFACE 


(b) 


CONE SHAPED 
VOIDS GROW 
Fig. 14 (right) 
(a) (b) ** Shear 
(b) double shear. 
transcrystalline fracture ; Fig. 11 shows dimpled 


pattern in the dull zone of a stress-corrosion fracture. 
A number of tensile specimens of aluminium-zine- 
magnesium alloy, heat treated so as to give a brittle 
intercrystalline fracture, were broken and examined. 
The dimpled pattern was again observed and _ this 
suggests that the dull areas of stress-corrosion fractures 
are produced by normal tensile fracture. It was possible, 
by examination of mating tensile fracture surfaces, to 
demonstrate that each dimple was matched by a similar 
depression on the other half of the fracture. The inter- 
crystalline fracture with perfectly developed facets and 
the overall dimpled pattern seemed to represent two 
extremes of behaviour. Intermediate regions where a 
few depressions occurred on an otherwise perfect 
boundary surface were quite often observed and an 
example is shown in Fig. 12. 


General Discussion 


Observations on a number of fractures produced in 
different materials by various forms of stressing have 
revealed a number of common features which can now 
be rationalised into a general mechanism of ductile 
fracture. 

It has been shown that textural variations on fracture 
surfaces are usually due to varying amounts of plastic 
deformation associated with fracture. This concept has 
been useful in classifying the various parts of fractures 
into slow and fast ; fast fracture producing considerable 
associated plastic deformation and slow fracture being 
more brittle. At one end of the scale we see the highly 


Fig. 15--Group of adjacent voids on the fracture surface 
of a ductile material broken in tension. 1,006. 
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brittle behaviour of stress cracking where featureless 
boundary-facets are observed, and at the other end the 
highly ductile behaviour of tensile fracture. A con- 
tinuous transition of behaviour from the two extremes 
has now been established. The fatigue case can be 
fitted into this general pattern as will be shown later. 

It is convenient to consider first the highly plastic 
behaviour oceurring in a ductile material pulled in 
tension. It has been shown that in the absence of 
internal crack initiators a tensile specimen may neck 
down almost to a point before fracturing. In the more 
general case where internal crack initiators are present. 
a smaller external reduction in area occurs, but the final 
fracture in regions of triaxiality occurs by the formation 
of internal holes with necking and thinning occurring 
between the holes.* !° 


Fig. 13 shows in schematic form the two essential 
parts of a ductile fracture, the external shear decohesion 
cone" and the central zone of hydrostatic stress where 
holes have formed, mainly at inclusions. These holes 
grow by local necking and the intervening material 
eventually fails by extreme thinning. Fig. 14 represents 
a common case observed in light alloys and particularly 
in sheet materials where no active zone of triaxiality 
exists and the fracture is completely by shear decohesion. 
Most of the area of tensile fracture of a bulky component, 
e.g. a wing spar, would be under hydrostatic tension 
equivalent to zone y in Fig. 13a and a narrow zone of 
shear decohesion is usually evident around the edge of 
the fracture. This formation of holes can be confirmed 
by an examination of a typical tensile fracture in a 


SLIP BANDS 


OEEP 
CONICAL PITS 


PLANE OF FRACTURE 


Fig. 16-Diagram showing the interaction of adjacent 
conical voids typical of the central portion of a ductile 
fracture. 
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LONGITUDINAL 


CRACKED 
INCLUSION 


LENS SHAPED 
VOIOS GROW 
FROM INCLUSIONS (b) 


Fig. 17 -Diagram showing behaviour of a bulky specimen 

of fibrous low-ductility material; (a) stressed parallel 

to fibre direction; (b) stressed perpendicularly to fibre 
direction. 


region of triaxiality. The fracture can be seen to be 
composed of many conical pits, and usually a small 
inclusion can be seen at the bottom of each pit. The 
steep surfaces of these pits are covered with slip bands. 
Fig. 15 shows typical pits and Fig. 16 schematically 
illustrates how these pits may be associated to form a 
final fracture zone which is the edges of adjacent craters. 


It is interesting to consider that the measured elonga- 
tion of a specimen depends to some extent on the spatial 
distribution of crack initiators. If they are homo- 
geneously distributed in depth then extensive deforma- 
tion can occur because all of the local plastic strains are 
additive and free slip paths form between holes at 
various levels. This is illustrated in Fig. 13a. If on the 
other hand the crack initiators are aligned in planes 
normal to the tensile direction, as shown in 
Fig. 17), then negligible measurable extension of the 
specimen occurs. If the distribution is homogeneous but 
the specimen is notched, then the localisation of deforma- 
tion limits the active initiators to a narrow zone across 
the specimen and the local deformations are not additive 
in the direction of the tensile stress. This is shown in 
Fig. 136. 


stress 


SHALLOW SAUCER SHAPED PITS 


BOUNDARY SURFACE 


Fig. 19--Showing interactions of adjacent lens-shaped 


voids to form dimpled pattern. 
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Fig. 18 -Diagram showing mechanism of brittle inter- 

crystalline fracture in a transversely stressed light 

alloy : (A) kink bands; (B) zone free from coarse pre- 

cipitate; (C) denuded zones; (D) grain boundary ; 

(E) relatively hard constraining grains; (F) inclusions 
that initiated fracture. 


In the common case where the active crack initiators 
are distributed in planes parallel to the tensile direction, 
then a fibrous fracture occurs that can be almost exactly 
fitted together, unlike the central zone of a ductile 
tensile fracture. This type of structure is commonly 
found in high strength aluminium alloys. The crack 
initiators in such cases are almost certainly flat particles 
lying in grain boundaries, sometimes disposed as stringers 
as shown in Fig. 17a. It is also probable that gas cavities 
which have been spread into flat voids by the deforma- 
tion processes of manufacture also lie in these boundaries 
and aid the fracture process. In these materials no deep 
deformation pits form when transversely 
because of the restriction in available deformation 
volume. This has already been referred to in the 
paragraph on tensile fracture. This restriction in 
available deformation volume is partly due to the 
spatial disposition of the crack initiators and also to the 
fact that they lie in softer boundary zones which are 
surrounded by harder alloy (see Fig. 18). In the place 
of the deep deformation pits we see shallow saucer-like 
depressions on the fracture surfaces as already described. 
These differences in behaviour are illustrated in Fig. 19. 
A steadily growing crack from one edge source will, 
however, faithfully follow the boundary, as shown in 
Fig. 20. 


stressed 


It will thus be evident that there is a continuous 
transition of behaviour from brittle grain boundary 
fracture to what is generally considered fully ductile 
behaviour as exhibited in a cup-and-cone fracture. 


Fatigue Fracture 


From the evidence presented it is clear that the 
alternate dull and bright zones visible on fatigue 
fractures examined at low magnifications result, respec- 


Fig. 20 -Showing how cracking from an edge produces 
boundary surfaces of high perfection. 
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Fig. 21 Stress distribution at the root of a notch: (c,) 

nominal stress; (c,) stress distribution for a sharp 

notch; (c,) stress distribution for notch blunted by 
plastic flow. 


tively, from fast tensile and slow fatigue crack growth. 
The observation that fatigue crack fronts become 
tongue-shaped as the crack becomes long, is explained by 
Cottrell’s analysis of fast ductile fracture in sheet 
materials, and will not be discussed here.! During a 
period of slow crack propagation, however, growth is 
more rapid near the surface of the sheet than at the 
centre. This may be due to the high stress concentration 
at the trailing edge of the crack or to the high shear- 
stress /normal-stress ratio near the surface of the sheet as 
compared with that obtaining at the crack tip, which is 
a region of plastic constraint. The high shear stress 
ratio would favour plastic deformation, which appears 
to be an essential feature of the fatigue process. The 
variation of growth rate along the crack front eventually 
leads to an unstable configuration and a burst of fast 
fracture ensues. During this burst of fracture the shape 
of the crack front changes to become more tongue-like. 
Besides becoming longer, a greater proportion of the 
length of the front will lie in the relatively ductile sub- 
surface layers of the specimen where marked plastic 
deformation accompanies fracture. This is equivalent to 
an increase in the plastic deformation component of the 
complex surface energy term in the modified Griffiths 
equation. Fast fracture will thus stop when a stable 
shape of crack front is achieved. The extent of any 
damage ahead of the crack tip during the preceeding 
period of slow growth may also influence the exact 
position of arrest. Some overshoot of this position must 
occur for, if a just-stable configuration were achieved, 
only a few subsequent cycles of stress would be needed 
to produce again an unstable crack, instead of the 
several hundred required in practice. It is evident that 
shape of crack front is a most important feature of the 
fatigue fracture process, and surface observations may 
well give a false picture of bulk behaviour. It likely that 
non-propagating fatigue cracks of the type observed by 
Frost and Phillips’? may be due in part to an initially 
unstable crack developing a stable shape of the type 
described. This discontinuous behaviour would also 
explain the “ dormant period ” of crack growth described 
by Frost and Dugdale.” 

The microscopic observations show that on a fine 
scale fatigue fracture is a very irregular process. Local 
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differences of level, shape of front, direction, and rate 
of growth may all occur in immediately adjacent areas. 


The striations which are a common feature of the 
fatigue fracture of ductile aluminium alloys have already 
been described. Their formation can now be more 
readily understood in the light of the observations on 
tensile fracture. It is first necessary to consider in some 
detail the behaviour of a plastic material at the root of 
an external notch. It is known that the Neuber stress 
distribution for an elastically behaving material is 
modified when plastic deformation occurs in the root of 
the notch. This modification has been considered by a 
number of workers. '° The main effect of the plastic 
deformation is to reduce the maximum root stress. It 
also reduces the stress gradient and increases the mean 
stress over a larger volume of material. The Neuber 
stress distribution of a sharp-rooted crack will thus be 
a steep stress gradient, and any plastic deformation 
which blunts the root of the crack will alter the gradient 
as shown in Fig. 21. It has been stated that the striation 
appears to be part ductile and part brittle behaviour. 
This mechanism of formation can now be discussed in 
more detail. The deformation at the root of a fatigue 
crack stressed in tension will cause blunting which, by 
virtue of the plastic strain involved and the increase in 
the effective radius at the root of the crack, causes an 
increase in the mean stress in an increased volume of 
material ahead of the crack, i.e. the total strain energy 
of an arbitrary volume of material ahead of the crack is 
increased. This constrained volume is being hydro- 
statically stressed in tension; therefore the ratio of 
tensile to shear stress is high. Voids form as in normal 
tensile stressing, but due to the configuration of the 
crack the affected zone lies ahead of and parallel to the 
crack front. The second stage in the process is one of 
plastic flow of the bridge between the crack root and the 
long void ending in final ductile failure under biaxial 
conditions. This behaviour is illustrated in Fig. 22. 


It is not suggested that the proposed mechanism of 
fatigue crack propagation is universal. The present 
observations suggest rather that the fatigue process may 
consist of at least three stages :— 

(1) The initiation of cracks by a slip-governed process 

possible at fluctuating nominal stresses above 
some critical value A. 


Fig. 22—-Fatigue crack growth during one cycle of stress : 

(a) end of compressive half cycle, which may have 

cracked inclusions ahead of crack tip; (b) tensile 

half cycle blunts crack tip and produces void ahead 

of crack in region of triaxial tension; (c) thinning 

of unfractured bridge under biaxial tension ; (d) final 
separation of bridge by thinning. 
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(2) The growth of the crack so formed by a process 
producing fracture on crystallographic planes. 
This would require a stress B > A since the crack 
would have to pass through such obstacles as 
unfavourably oriented grain boundaries. 


The further growth of the crack by a process of the 
type that produces the characteristic Zappfe and 
Worden striations governed by a normal stress 
criterion. This would require a stress C > B. 


An essential feature of this model is that any two of 
the stages may be omitted, although either 2 or 3 must 
operate if final fracture is to occur. For example, in a 
notched specimen tested at a high stress, stage 3 pro- 
pagation may operate from the beginning of the test. 
Considering the stages in more detail, there is good 
evidence that cracking may initiate in the first few per 
cent. of a fatigue specimen’s life.'7 Since the governing 
process is one of slip, crack initiation should be possible 
at all stresses above that required to exceed the critical 
resolved shear stress in the most favourably oriented 
surface grain. This value will be low since surface grains 
may behave as partially constrained single crystals.'* 
It is suggested that such cracks are not likely to exceed 
one grain diameter in length if the stress is only just 
above the initiation value. There is thus the possibility 
of producing non-propagating cracks at this stage. If, 
however, the stress is sufficiently high the crack may 
propagate into adjacent grains by the stage 2 slip process. 
The only processes tending to aid such growth will be the 
progressive increase in length of the growing crack. A 
number of effects may however inhibit such crack 
growth, e.g. work hardening and strain ageing. It is 
now convenient to consider the fatigue specimen as a 
tensile test piece containing a slowly growing Griffiths 
crack, 

There will be a progressively increasing tendency for 
the advancing crack to be blunted by plastic deformation. 
This will entail the development of hydrostatic tensions 
in the material ahead of the crack. There are two 
important results of this : 


(3 


(a) Development of hydrostatic tensions reduces the 
shear-stress normal-stress ratio ahead of the root 
of the crack, and this tends to inhibit glide 
processes. 

(6b) Plastic deformation at the root of the crack will 
reduce the peak stress and stress gradient as 
previously described. 

It is suggested that a crack growing in this way will 
tend to be stopped because it is becoming blunter and 
encountering a stress system that does not favour glide. 
On the other hand the conditions tending to inhibit 
stage 2 propagation will favour the stage 3 growth of the 
type producing fracture striations. If the stress at this 
stage exceeds C the crack will propagate, if it does not 
the crack will become non-propagating. 

While such a model has several defects, for example it 
ignores the shape of crack front developed, it can explain 
several features of the fatigue process :— 

(1) It provides a reasonable explanation of non- 

propagating cracks. 

(2) It accounts for the observation that fatigue 
fractures are highly faceted, and presumably 
crystallographic, near their origins and become of 

rougher texture as the crack grows. 
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(3) It explains an observation of Stubbington’s'* who 
found that corrosion fatigue fractures propagated 
on planes of high shear stress if tested at stresses 
below the air fatigue limit. This also justifies 
putting C > B. 

This mechanism could reconcile the apparently 
contradictory observations that while cracks 
initiate at a very early stage, they only propagate 
at a macroscopically detectable rate during the 
last part of a specimens life. 

It is thought that there may be no sharp transition 
from stage 2 to stage 3 but that the change is gradual. 
Examination of the surfaces of non-propagating cracks 
would be a useful step in verifying this hypothesis. 
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Stress-Corrosion and Brittle Intercrystalline Tensile 
Fracture 

The observations on stress-corrosion fractures suggest 
that shape of crack front is again important. The results 
from examination of the bright areas of stress-corrosion 
failures here provided no positive evidence of the 
mechanisms involved. The dull zones of stress-corrosion 
fractures and the brittle intercrystalline tensile fracture 
of high strength light alloys are both characterised by a 
dimpled pattern when examined at high magnifications. 
The evidence suggests that cracks initiate at particles in 
or near boundaries, and that the cracks grow to form 
lens-shaped voids in the manner shown in Fig. 18. There 
is again evidence that the growth of the voids is accom- 
panied by the migration of kink bands at the crack tip. 
Kink bands of this type would tend to retard crack 
growth and may be regarded as additive to the deforma- 
tion component in the numerator of the Griffiths 
equation. This concept is in agreement with the 
observation that minimum ductility coincides with peak 
hardness in the light alloys that fail in this manner. At 
peak hardness the grains are not readily deformed and 
the denuded zones adjacent to grain boundaries are so 
narrow as to limit plastic deformation in them. The 
lens-shaped voids which initiate fracture would, in this 
condition, be shallow, and the kink bands associated 
with them small and containing relatively few disloca- 
tions. This would lead to low strains to fracture and 
low true fracture stresses. The solution treated condition 
would allow plastic deformation in the grains and the 
over-aged condition deformation in both grains and 
denuded zones. The mechanism proposed is directly 
analogous to that proposed by Griffiths to explain the 
fracture strength of glass.'* The essential difference is 
that the concept of pre-existing Griffiths cracks is 
replaced by lens-shaped voids that grow during straining 
until enough of them exceed some critical size and 
catastrophic fracture occurs. 


Conclusions 

The crack propagation behaviour of high strength 
light alloys, under conditions that cause failure by 
stress-corrosion or by fatigue, is influenced by the shape 
of the crack front developed, which itself is influenced 
by specimen geometry. The effects may result in 
irregular crack growth. In both types of fracture 
brightly reflecting surfaces are produced by slow crack 
growth and dull surfaces by fast cracking. 

The striations observed on fatigue fracture surfaces are 
of complex structure and could be produced by a brittle- 
fracture /ductile-fracture sequence in which voids are 
formed ahead of the crack tip. Their formation may, in 
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certain alloys, be accompanied by metallurgical changes 
such as re-solution of precipitate. 

The dull zones of stress-corrosion fractures and brittle 
intererystalline tensile fractures of high strength light 
alloys are produced by the same mechanism. This 
involves the growth of lens-shaped voids at grain 
boundaries to an extent that ultimately allows catas- 
trophic failure. The mechanism is analogous to that 
proposed by Griffiths to explain the fracture strength of 
glass.'* 
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Continuous Casting for Shelton 


AN order for what is believed to be the largest installation 
in the world for the continuous casting of steel has been 
placed by Shelton Iron and Steel, Ltd., of Stoke-on- 
Trent, with Distington Engineering Co., Ltd., of Working- 
ton, a subsidiary of The United Steel Cos., Ltd. The 
plant is being built under licence from Concast A.G., of 
Zurich, who are associates of Distington in the field of 
continuous casting. It will consist of four vertical 
continuous casting machines with a total of thirteen 
i strands, equipped to cast billets in a large variety of 
sizes, 

Steel for the new installation will be produced in two 
45-ton Kaldo converters and will be transferred by 
ladles to the continuous casting bay. The ladles will be 
lifted to the top of the casting plant and the liquid steel 
will be bottom poured into tundishes feeding direct into 
water-cooled moulds. After leaving the spray cooling 
chambers and the withdrawal rolls, billets less than 7 in. 
thick will be bent through 90° and discharged on to 
roller tables ; billets over 7 in. thick will be cut to suitable 
lengths during their descent and discharged by baskets 
to roller paths. After reheating, the billets will be fed 
into a new modern universal beam and section mill. 
When the new plant is completed, Shelton [ron and 
Steel will be the first integrated steelworks in this 
country to depend entirely on continuous casting for its 
semi-finished steel. 


Vacuum Melting Steel 


AFTER extensive trials Hadfields, Ltd., have decided to 
install at their East Hecla Works a large scale unit for 
vacuum melting by the consumable electrode technique. 
The equipment, which will be capable of producing 
ingots with a weight range of 2-9 tons, is being supplied 
by Stein and Atkinson, Ltd., to the design of their 


associated company, the Lectromelt Furnace Division of 


the McGraw-Edison Company, U.S.A., and will be housed 
in a new building upon which work has already begun. 
We are informed that when completed it will be the 
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Addendum 


Since this paper was written, further evidence has been 
obtained on the profile and nature of striations. The 
ductile fracture region of the striation may occur by 45 
‘shear’. This will produce completely mating fracture 
surfaces rather than a peak-to-peak fit. However, the 
basic principle of the crack growth being composed of a 
ductile and a brittle component remains unchanged. 


largest furnace of its type in Europe. This new technique 
offers substantial advantages over conventional air 
melting processes, including a greater degree of cleanness 


in respect of non-metallic inclusions, exclusion of 


contaminant elements associated with air-melting, 
removal of undesirable gases dissolved in the metal, 
improved uniformity and soundness of the ingots, and 
improvement in mechanical properties. 


TV Monitoring of Process Measurements 
DEMONSTATIONS of the use of closed-circuit television 
for monitoring process measurements—as an alternative 
to conventional telemetering—were held recently, under 
the auspices of Woodall-Duckham Construction Co., 
Ltd., in the main instrument-panel assembly department 
of George Kent, Ltd. The TV equipment was provided 
by Pye, Ltd., of Cambridge. Visitors, who included 
senior engineers of the gas industry, were able to see for 
themselves comparisons of picture clarity in various 
light-intensity environments with camera equipment 
providing panoramic and close-up shots in association 
with 8} in. and 14 in. standard monitors and a 14 in. high- 
precision monitor. 


ELectric Furnaces, Lrp., have 
received an order from L. H. Newton, Ltd., of Birming- 
ham, for a continuous shaker hearth furnace installation. 
The equipment will be charged automatically and work 
untouched by operators as it is progressed through 
hardening, quenching, washing, tempering and _ final 
quenching for delivery into collecting baskets at the rate 
of 600 Ib. hr. 


FOLLOWING on the introduction of the new industrial 
tool, Firth Cleveland Tools, Ltd., a member of the 
Firth Cleveland group, have formed an_ industrial 
division, represented in the field by its manager, Mr. 
M. H. Withers, Mr. H. F. Lane, formerly a senior 


Surform representative. and Mr. K. A. Lauder, all of 


whom are trained engineers. 
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Adhesion of Sprayed Molybdenum 


By R. T. Allsop, T. J. Pitt and J. V. Hardy 


Brightray bases. 
molybdenum deposit was only weakly adherent. 


GK .N. Group Research Laboratory 


A study has been made of the interfaces between sprayed molybdenum and mild steel, cobalt and 
The use of chromium as a base material was abandoned when it was found that a 
Examination of the interfaces using both optical 


and electron microscopy revealed that interfacial layers were present between the molybdenum deposit 


and the steel, cobalt and Brightray bases. 


The X-ray scanning microanal yser indicated that the layer 


hetween the molybdenum deposit and the steel base was probably an alloy of molybdenum and iron 
It is suggested that in cases where sprayed molybdenum adheres to a smooth base either or both of two 


mechanisms of adhesion may operate ; 


HE preparation of a metallic surface to receive a 
sprayed metal deposit generally necessitates the 
roughening, in some way, of the surface in order 
to ensure that the deposit is adherent. This requirement 
frequently gives rise to difficulties, particularly where 
the usual technique of shot blasting is impracticable 
e.g. on hardened steel surfaces—or where the surface 
roughening produced has an adverse effect upon the 
mechanical properties of the component. One method 
of preparing a steel surface, without resorting to shot 


blasting, which has been studied recently, is that of 


applying a thin underlay of molybdenum prior to the 
application of the required coating. The success of this 
method stems from the fact that sprayed molybdenum 
has the somewhat unusual characteristic of adhering 
strongly to a clean, smooth steel surface. At the same 
time the exposed surface of sprayed molybdenum is 
particularly suitable for receiving sprayed layers of other 
materials. 

The reason why such a strong bond develops between 
sprayed molybdenum and a smooth steel base has been 
the subject of considerable conjecture. Several investi- 
gators'® have suggested that an alloy layer is formed 
between the deposit and the base metal. In only a 
limited number of instances, however, has any photo- 
graphic evidence been produced to substantiate this 
view. Even in these cases, the limitations of the optical 
microscope did not permit the very thin films observed 
to be clearly resolved. 

In view of the considerable interest in the high 
adherence of molybdenum to a smooth steel surface it 
was decided to examine, using both the optical and the 
electron microscope, the interface between sprayed 
molybdenum and a mild steel base. The investigation 
was later extended to study the interfaces between 
sprayed molybdenum and cobalt, Brightray (80%, Ni 
20°, Cr) and chromium bases. It was also possible to 
employ, to a limited extent, the scanning X-ray micro- 
analyser for analysing chemically one of the layers 
observed. 


Materials Used 
Base Materials 
The metallic bases employed were as follows :- 
(a) mild steel plates 2 x 2 & } in. thick ; 
(b) cobalt plates 2 x 1 » | in. thick, produced by 
electrodeposition ; 
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one is the formation of an alloy layer between base and deposit, 
the other is the infiltration of fused metal from the basal surface into the pores of the despoit 


(c) a nickel-chromium alloy (Brightray) in the form 
of } in. diameter wire ; 
(d) chromium 0-020 in. thick (deposited on to mild 


steel). 
The mild steel surfaces were prepared in two ways, by 
chemical polishing (as described in Reference 3) and by 
emery polishing to the * 600” grade. The surfaces of 
the cobalt, Brightray and chromium specimens were 
prepared by polishing to the * 600° emery grade. 
Sprayed Molybdenum 

Molybdenum in the form of 2 mm. diameter wire was 
sprayed from a Mark 33 pistol, supplied by Metallisation, 
Ltd. Acetylene was supplied at 15 |b. sq. in., oxygen at 
23 Ib. sq. in. and air at 45 lb. sq. in. Flowmeters were 
used to control the nature of the flame and the spraying 
distance was 6 in. 

Examinations 
(a) Optical 

Sections through each of the sprayed samples were 
taken, mounted in a cold setting plastic (Araldite) and 
metallographically polished. The sections were etched 
in a manner indicated in the figure captions and examined 
under the optical microscope at 1,225 diameters magni- 
fication. 

Both the emery polished and chemically smoothed 
mild steel specimens showed a thin interfacial layer 
(Fig. | and 2). With cobalt and Brightray bases the 
etched specimens also showed thin layers between the 
deposit and base (Fig. 3 and 4). When molybdenum was 
sprayed on to chromium little, if any, adherence to the 
polished surface could be obtained, the deposit separating 
easily from the base during sectioning. Micro-examina- 
tion failed to reveal any interfacial layer. An extensive 
gap, indicative of poor adhesion, was observed between 
the molybdenum and the chromium. 

(b) Electron Microscopy 

In order that the interfacial layers seen with the 
optical microscope could be observed in greater detail, 
an electron microscope study of the sprayed specimens 
was undertaken. For this purpose a Metropolitan- 
Vickers EM6 microscope was employed. This work 
confirmed, beyond doubt, that interfacial layers exist 
between sprayed molybdenum and steel, cobalt and 
Brightray bases. 

Two-stage formvar-carbon replicas were made from 
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the etched sections previously examined with the optical 
microscope. Stripping the primary formvar replica was 
found to be difficult in most instances due to the porous 
nature of the molybdenum, and to the cracks and gaps 
which occurred along the interface. In the case of 
chromium, the extensive gap prevented any suitable 
replicas from being taken of the interfacial region. 

This difficulty was overcome for steel, cobalt and 
Brightray bases by using more concentrated solutions of 
formvar (2}°%, in chloroform instead of the usual }-1°,) 
which gave rise to thicker stronger replicas which could 
be stripped without rupturing. Carbon was deposited 
normally onto the structure surfaces of the formvar 
replicas, using Bradley’s vacuum evaporation technique,* 
and then the formvar was dissolved away with chloro- 
form. 

The carbon replicas were shadowed with 60°, gold- 
palladium alloy at angles of tan~' 1 or tan—' § in order to 
improve contrast and the rendering of surface relief. 
The shadowing was performed onto the free surface of 
each replica in order to avoid shadows cast by the speci- 
men-support grid and thus obtain a greater observable 
area. It should be remembered when examining the 
accompanying electron micrographs that this technique 
produces a negative replica, i.e. one in which elevations 
appear as depressions, and vice versa. A further conse- 
quence of heavy-metal shadowing is that in a normal 
print from a plate exposed in the electron microscope, 
shadows appear as light areas. If these points are 
remembered when interpreting the electron-micrographs, 
it is evident that the interfacial layers are in fact elevated 
above the general level of the specimens, that is, they 
are more resistant to etching. Typical electron micro- 
graphs are shown in Figs. 5-10. The markings indicate 
1 micron unless stated otherwise (1 micron = » = 10-4 
em.). 

In addition to confirming the presence of the inter- 
facial layers, the electron microscope also revealed that 
small outgrowths from the layer extended into the 
molybdenum deposit (Fig. 9). In the case of Brightray, 
larger outgrowths were also seen occasionally which 
were visible even in the optical microscope (Figs. 4 and 


Fig. 1.--Optical micrograph show- 
ing sprayed molybdenum on 
emery- polished mild steel. Etching 
reagents : molybdenum —alkaline 
ferricyanide ; mild _ steel —nital. 

< 920 


10). No similar outgrowths into the base metals were 
observed. It would appear that, for the effect to 
occur, the interfacial layer must, at some stage, be in 
the liquid condition, Possibly, the liquid metal is 
drawn into the pores of the molybdenum by capillary 
action ; the lack of porosity in the base materials could 
account for the absence of these outgrowths into the base. 

Another interesting effect was observed in the inter- 
facial layer on Brightray, and appears in Fig. 8. A 
trace of the prominent grain-boundary in the Brightray 
apparently continues across the layer. This pheno- 
menon is not typical, however. 

(c) X-ray Microanalyser 

The results obtained so far have shown quite clearly 
that etching will reveal a narrow layer between molyb- 
denum and various base metals. There is, however, no 
direct evidence to prove that these layers are in fact 
alloys of molybdenum and the base metal. Normal 
methods of chemical analysis, even in their most refined 
form, are quite inca pable of determining the compositions 
of layers of the order of ly in thickness. The oppor- 
tunity arose, however, to have the layer formed between 
molybdenum and a steel base analysed by a technique 
only recently developed, that of X-ray microanalysis. 

X-ray microanalysis, evolved originally by Castaing® 
has been developed in modified form by Dr. V. E. 
Cosslett and Dr. P. Duncumb® of the Cavendish Labora- 
tory, Cambridge. An instrument based on the design of 
Cosslett and Duncumb has been built at the T.I. Research 
Laboratories, Hinxton Hall, by Dr. D. A. Melford in 
collaboration with Dr. P. Duncumb. It was on this 
latter machine that the layer between a mild steel base 
and a sprayed molybdenum deposit was analysed. 

The technique of X-ray microanalysis consists essen- 
tially of irradiating the surface under examination with 
a fine focus electron beam and analysing the resultant 
X-ray emission. By this means it is possible to determine 
the composition of the metal at the surface of the speci- 
men; the metal-sample analysed is approximately 1 « 
in diameter and hemispherical in shape. The instrument 
developed by Cosslett and Duncumb permits the electron 
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Fig. 2..-Optical micrograph show- 
ing sprayed molybdenum on 
chemically polished mild steel. 
Etching reagents: molybdenum 
alkaline ferricyanide ; mild steel 
nital. 920 


Fig. 3.. Optical micrograph show- 
ing sprayed molybdenum on 
cobalt. Etching reagents : molyb- 
denum alkaline ferricyanide ; 
cobalt—aqueous acidic ferric 
chloride. < 920 


Brightray 


Fig. 4.--Optical micrograph show- 
ing sprayed molybdenum on 
Brightray. Etching reagents : 
molybdenum-—alkaline ferricyan- 
ide ; Brightray—acid ferric chloride. 

920 
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Fig. 5. Electron micrograph 
showing sprayed molybdenum on 
mild steel. 7,500 approx. 


Fig. 6. -Electron micrograph 
showing sprayed molybdenum on 
cobalt. 3,000 approx. 


Mo 


Fig. 7. Electron micrograph 
showing sprayed molybdenum on 
cobalt. ~ 12,000 approx. 
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Fig. 8.-Electron micrograph 
showing sprayed molybdenum on 
Brightray. « 7,500 approx. 


Grain boundary continuation 


Fig. 9%. Electron micrograph 
showing outgrowth from molyb- 
denum /mild steel interfacial layer 
extending into the molybdenum. 
The interfacial region is on the 
left. « 7,500 approx. 


Fig. 10.--Electron micrograph 
showing outgrowths from molyb- 
denum /Brightray interfacial layer 
extending into the molybdenum. 
The interfacial layer is seen on the 
left. < 9,000 approx. 
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Electron image of sprayed molybdenum /mild 


Fig. 11. 
steel interface. < 1,200 


beam to scan an area of approximately 4 mm. square. 
The X-ray emission is collected by a counter, the output 
of which modulates the brightness of a beam scanning 
an oscilloscope in synchronisation with the electron 
beam. Using a crystal spectrometer, it is possible to 
select one X-ray line and to collect only the emission of 
this line. The oscilloscope image formed is therefore one 
in which the brightness at a given point on the oscillo- 
scope screen is proportional to the amount of the emitting 
element present at the corresponding point in the surface 
of the specimen. Additionally, the high energy scattered 
electrons can be collected, using a scintillation counter 
and an image displayed on another oscilloscope. This 
is essentially a reflection electron microscope picture. 
When required, the electron probe can be positioned at 
any point on the electron image and an analysis obtained 
by recording the emission intensity from a particular 
element and comparing it with that of the pure element 
with the same beam current. It is also possible to make 
the electron probe track slowly across a sample so that 
the variation in the amount of a given element along 
the track can be determined. 

In the present work the X-ray microanalyser was 
required to determine the iron and molybdenum con- 
tents of the layer between a sprayed molybdenum 
deposit and steel base. Fig. 11 shows the electron image 
obtained from the microanalyser, the magnification 
being about 1,200 diameters. The two black lines 
across the photograph are contamination lines made 
when the electron probe was tracking slowly across the 
surface of the specimen. Fig. 12 shows the trace produced 
by tracking the electron beam slowly across the surface 
between the iron and molybdenum, iron Ka radiation 
being selected. This trace shows, therefore, in a qualita- 
tive manner, the distribution of iron across the interface. 
The high level recorded at the left of the picture repre- 
sents the steel base. As the electron beam crosses the 
interfacial layer the iron concentration drops sharply 
to a small plateau (A, Fig. 12) and then as it leaves the 
interface and moves into the molybdenum the iron 
content becomes very low. The step in the sharp 
transition from 100°, iron to virtually 0° iron which 
occurs as the electron beam crosses the interfacial layer, 
suggests that the layer between the base and the deposit 
is, in fact, an alloy of molybdenum and iron. Quantita- 
tive analysis for iron and molybdenum was carried out 


130 


at two points in the layer with the electron beam sta- 
tionary. The first analysis gave 18% Mo-72% Fe and 
the second 25% Mo-62°% Fe. It is probable that the 
second analysis is the more accurate. Bearing in mind 
the fact that the layer being analysed is only about | uv 
in thickness and that the diameter of the electron beam 
is of much the same order, it is obviously impossible to 
be completely certain that the quantitative analyses 
obtained were restricted to the interfacial layer. Con- 
sidering, however, the evidence obtained by slowly 
tracking the beam across the interface, together with 
that from the point analyses, it seems reasonable to 
conclude that the layer between the deposit and base is 
an alloy of molybdenum and iron and that it contains 
approximately 60° iron. 


Discussion 


The manner in which sprayed metal adheres to a base 
has been a subject of discussion and controversy for 
many years. The general need for the surface of t he 
base to be roughened in some way has led many investi- 
gators to hold the view that adhesion arises largely as a 
result of the deposit being mechanically keyed-in or 
locked (as a result of surface tension effects)? to the base. 

On occasion, investigators have noted that high 
adhesion occurs when metal is sprayed on to a base 
which is relatively smooth. In such cases it seems doubt- 
ful whether a mechanical keying or locking type of 
mechanism can account for the degree of adhesion 
obtained. As an alternative, it has been suggested® that 
adhesion arises as a result of the formation of metal 
metal junctions between the base and the deposit. This 
type of adhesion arises essentially as a result of the inter- 
action of atomic forces at the surfaces of the two metals. 

Considering the polishing treatments applied to the 
various metal surfaces prior to spraying, it would seem 
unlikely that the adhesion noted when iron, cobalt and 
Brightray bases were used could result from any form 
of mechanical keying-in or locking as a result of surface 
tension. Nor does the appearance of a clearly defined 
layer between the base and deposit suggest that the 


Iron Concentration 


Traverse 
Fe + Mo 


Fig. 12.—Distribution of iron across the interface. 
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adherence observed is a matter of simple atomic inter- 
action between the surfaces of the molten particles and 
the base metals. It would appear that when molten 
molybdenum particles come into contact with a base 
such as iron, fusion of the iron surface occurs. In the 
case of the iron base, the evidence of the X-ray micro- 
analyser suggests that the fused iron layer alloys with 
the molybdenum deposit. No evidence is available 
regarding the constitution of the interfacial layers 
present between sprayed molybdenum and cobalt and 
Brightray bases. The presence of an alloy layer between 
a base and a deposit will give a degree of adhesion which 
is dependent upon the mechanical properties of the layer. 

Molybdenum also appears to have a second mechanism 
of adhesion which may operate even where the fused 
surface of the base does not alloy with the deposit. For 
this second mechanism to function, two conditions must 


be fulfilled :— 


(a) the deposit must be able to fuse the basal surface ; 


(b) infiltration of the fused metal into the porous 
deposit must not be prevented by surface films, 
e.g. oxide. 

If the basal surface is fused and there is no inter- 
ference from surface films, the liquid metal will infiltrate 
into the porous regions of the deposit. This will give 
rise to a considerable degree of adhesion between base 
and deposit. 

A number of factors will determine whether fusion 
of the basal surface occurs when the molybdenum deposit 
is applied. First, there is the melting point of the base ; 
the higher the melting point of the base the smaller is 
the chance of a discernible fused layer being formed. 
Again, the higher the conductivity of the base the 
thinner will be the surface zone of the base which will 
reach the melting point. Finally, oxide films on the 
surfaces of the base or deposit particles may interfere 
with heat transfer. In the case of the iron, cobalt and 
Brightray bases, it may be concluded that the various 
factors noted above were favourable to fusion occurring 
whilst in the case of chromium they were unfavourable. 
This is not unexpected, since the melting point of 
chromium is some 350° C. higher than that of iron and 
it has an adherent oxide film which may well interfere 
with heat transfer. 


Conclusions 

(1) Interfacial layers are formed between sprayed 
molybdenum and mild steel, cobalt and Brightray bases. 

(2) The layer between steel and sprayed molybdenum 
appears to be an alloy of molybdenum and iron. Al- 
though no analytical evidence is available, it seems likely 
that the interfacial layers between a molybdenum deposit 
and cobalt and Brightray bases are also alloys. 

(3) The formation of an alloy layer between sprayed 
molybdenum and steel is probably responsible for the 
high degree of adhesion of molybdenum to a smooth steel 
base. 

(4) A liquid zone, either alloy or just fused base, is 
formed between the molybdenum deposit and the steel, 
cobalt and Brightray bases. The infiltration of this 
liquid into the deposit gives a second mechanism of 
adhesion. 
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News in Brief 


As part of its continuing efforts to develop new markets, 
Aluminium, Ltd., is collaborating with Portugese 
canning interests to build and operate a plant in Portugal 
to produce aluminium fish cans. Use of such cans, 
particularly for sardine-type packs, has been pioneered 
by Aluminium, Ltd.'s, affiliates in Norway over many 
years. Practically all Norwegian exports of kippered 
herring and most sardines are now packed in aluminium. 
Initially, the new canning plant will use specially 
anodised and lacquer-sealed aluminium strip produced by 
Aluminium, Ltd.'s, affiliates in Norway or England. 
Royce Evecrric Furnaces, Lrp. have received orders 
from Associated Transistors, Ltd., for nine furnaces to be 
installed in the modern transistor factory being erected 
at Basingstoke. They will have an easy-to-clean 
streamlined appearance, and will be controlled by 
proportional, stepless indicating controllers acting +: 
through magnetic amplifiers and saturable core reactors. 

As a result of the operation of the pit-type Carbodrip gas 

carburising furnaces supplied by Wild-Barfield Electric . 
Furnaces, Ltd., in fulfilment of an order from the East 
Indian Produce Co., Ltd., an order was received for an 

additional furnace of identical capacity which has since 

been installed. Wild-Barfield have now received a further 

order for larger furnaces, in this case having working 

dimensions nominally 36 in. diameter « 54 in. deep. 

OrpeErRs for two ore-handling plants, worth a total of 

£14 million, have recently been received by The General 

Electric Co., Ltd. One of these plants, valued at £1 
million, is for installation at the Scunthorpe South 
Works of the Appleby-Frodingham Steel Co. The 
other is for the Ravenscraig Works of Colvilles, Ltd., 
and this brings the total value of orders received by 
G.E.C. for the Ravenscraig Works during 1960 to £2} 
million. 


As a result of an agreement concluded between Tool 
Treatments (Chemicals), Ltd., of West Bromwich, and 
the Chemical Corporation of Massachusetts, U.S.A., the 
Blakodize process, the chemical black on steel finish 
produced by Tool Treatments, will be marketed under 
licence in America by the Chemical Corporation, and 
The Luster-on products of the Chemical Corporation, a 
leading company in America on chromate conversion 
treatments, will now be marketed in this country by the 
West Bromwich firm. : 


H. & E. Lixtort, Ltd., of Horsham, electro-mechanical 
engineers specialising in a wide variety of high-quality, 
light and heavy precision manufacture for the nuclear 
and general engineering industries, have changed their 
name to Lintott Engineering Ltd. 
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Copper and Copper Alloys 
A Survey of Technical Progress During 1960 


Compiled by the Staff of the Copper Development Association 


This survey is a summary of current developments in the field of copper and copper alloys 
over the past year. Aspects covered include extraction, fabrication, finishing, properties 


and testing. 


OR many years Metallurgia has featured annually 
F a survey of the literature in the field of copper and 

copper alloys, and for almost as many years the 
surveys were contributed by the late Dr. E. Voce, 
senior metallurgist to the Copper Development Associa- 
tion. When Dr. Voce died last October, his former 
colleagues at the C.D.A. stepped into the breach and 
collaborated in the compilation of the present review on 
similar lines to those of previous years. 


Extraction and Refining 

Flotation 

Molybdenum, which is frequently a troublesome 
impurity in copper ores, can now be removed by direct 
flotation of the molybdenite, MoS,, from finely-ground 
copper sulphide concentrates ; a suitable treatment has 
been described using sodium cyanide and ferrocyanide 
as copper depressants with sulphuric acid to modify 
the pH.' Thus the more complex heat treatment, 
steaming, or roasting processes which are normally 
required for removal of molybdenum may be avoided. 


Smelting 

Heat requirements in the smelting of copper matte 
are predictable from the weights of the products arising 
from the charge and their respective heat contents. A 
paper has been published describing the means whereby 
this can be achieved,? and it should be of considerable 
value in respect of economic problems associated with 
the process. The difficulties of treating copper-nickel 
ores have now been largely overcome by the current 
process used by the International Nickel Co. at Copper 
Cliff, Ontario. The development of this process, involving 
flotation of a finely-ground copper-nickel matte with 


subsequent production of blister copper, has been 
described 
Some of the important factors affecting copper 


reverberatory furnace performance have been discussed* 
as a result of experience gained largely at Mufulira 
Copper Mines, Ltd. Lowering the moisture content in 
the concentrate is shown to be an advantage, and it is 
also pointed out that efficiency is reduced when chalcopy- 
rite is smelted as compared with bornite or chalcocite. 


The proposals are substantiated by a statistical 
examination of the influence of the various factors 
concerned. 

Refining 


Two papers®® describe in considerable detail electro- 
lytic refining plant and practice, the authors dealing 
respectively with well-known copper refineries in America 
and Northern Rhodesia. A more specific aspect of the 
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subject is dealt with in a patent’ covering the addition 
of an acrylamide polymer hydrolyte to the acid copper 
electrolyte; a more satisfactory copper deposit is 
claimed to be obtained under these conditions. In the 
field of fire refining it is worthy of mention that natural 
gas is being used in place of poling in the standard 
refining cycle.* 
Slag Treatment 

Selective smelting of iron-bearing copper slags by the 
Strategic-Udy process is to be commenced in the near 
future. A description of this® states that the slag is 
melted with coal, lime and a reducing agent at about 
2,600" F, (1,425° C.) to volatilise most of the zinc, while 
the copper separates as matte leaving a copper-free 
iron-bearing slag. 


Zone Refining 

A book!® has been published covering all aspects of 
this interesting process, while from another source" 
comes news of a special apparatus enabling a bar of 
copper to be refined with great simplicity ; a molten 
zone is formed and maintained of constant width while 
being made to travel along the bar. 


Foundry Practice 
New Processes 

In the new Asarco copper plant at Perth Amboy, the 
refining cycle before casting is no longer used ; tough- 
pitch copper prepared from thermally-pretreated cathodes 
is continuously tapped from are melting furnaces to feed 
a wirebar casting wheel as well as a continuous casting 
machine for cakes and billets. The processes involved 
have been fully described.” 

A new founding method known as ~ compression 
casting,” said to be applicable to copper alloys, has been 
developed in Russia; molten metal is poured between 
two dies, one of which is movable, after which the dies 
are brought together to fill the cavity. Further com- 
pression is applied to the metal as it solidifies, so enabling 
very thin sections to be cast in larger components than 
may be made by conventional pressing techniques. A 
comparable process’ is pressure casting,” which 
enables very close tolerances to be attained; it is 
advocated for precision-cast parts in beryllium copper, 
including moulds for the plastics industry, A new 
procedure for casting complex components such as 
bronze statues has been developed involving the use of 
a foamed polystyrene pattern. After moulding, the 
metal may be poured directly, since the pattern vaporises 
when brought into contact with the molten metal. 
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Following the successful dispersion hardening of 
copper by powder metallurgical means, experiments 
have been carried out to investigate whether a dispersed 
material could be introduced into molten copper before 
casting In order to give similar properties. The addition 
of fine powders has been considered by Williams et al."* 
who found that molybdenum shows the most promise in 
this respect. Four procedures for producing hardening 
from an oxide dispersion by reaction in molten copper 
have also been investigated by these workers'? and 
promising results were obtained with nickel and titanium 
additions. 


Clunmetals 


Much interest has been shown recently in the optimum 
composition of gunmetals for various purposes, mainly 
as a result of work by the British Non-Ferrous Metals 
Research Association and the International Nickel Co. 
(Mond), Ltd. Patton'* has reported a further study on 
nickel-bearing gunmetal, confirming that its principal 
advantages are less sensitivity to variation in mechanical 
properties with section thickness and greater ease in 
making pressure-tight castings. Lead content is also an 
important factor in achieving pressure tightness and 
experiments originating from Sweden have been des- 
cribed,'* from which a theory for the advantageous effect 
of lead in this respect is discussed. Stolarezyk and co- 
authors?” have examined the influence of bismuth, iron, 
arsenic and antimony on the properties and foundry 
characteristics of 88/102 and 855.5 5 gunmetals. 
The results are discussed in the light of the current draft 
revision of B.S.1400. 


Aluminium Bronze 

Two general papers*':** on the debatable subject of 
melting and casting of aluminium bronze provide much 
detail which should be of value to the practical foundry- 
man. Longden* has described the production of a large 
aluminium-bronze propeller giving details of pouring, 
gating and feeding methods. An investigation’ has 
been made on the respective castability and mechanical 
properties of high-manganese nickel-aluminium bronze, 
ordinary nickel-aluminium bronze, and _high-tensile 
brass for propeller castings ; it was concluded that the 
high-manganese alloy had the most favourable foundry 
characteristics. 


Tests and Test Bars 


A new fluidity test mould has been described® and 
used to study the effect of superheat and impurities on 
the fluidity of certain alloys, including 60 40 brass with 
varying aluminium contents. It has also been suggested”* 
that the test may be used to indicate the oxygen content 
in copper alloys. A modified melt-quality test?’ enables 
the gas content of aluminium bronze to be checked in the 
foundry within five minutes, and if the test is varied 
slightly, it may also be applied successfully to gunmetals 
and phosphor bronzes. 

A series of laboratory tests aimed at selecting a test 
bar giving consistently-high tensile properties in 85 5 5/5 
gunmetal has been reported by Reiter®*; the recom- 
mended test bar has been used in fourteen different 
foundries and a marked improvement has been obtained. 
The possibility of using shell-moulded test bars for tin 
bronzes has also been investigated by other workers,** 
and the results compared with those obtained from sand- 
moulded test bars. 
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Impregnation 

Some of the particular problems in selecting suitaun 
impregnants for castings in various fields of application 
and the methods used for copper-base alloys have been 
discussed in papers by Fabian*® and Behen.*' Polyester. 
styrene impregnants containing special stabilisers are 
recommended in one case, while in the other, sodium 
silicate with powdered copper, iron or clay is suggested. 


Grain Refining 

Various methods of effecting satisfactory grain 
refinement in cast copper have been investigated and 
the mechanical properties of the resulting castings were 
determined®; of a large number of additions, only 
lithium and bismuth were found to have any significant 
effect. In a general review of the significance of grain 
structure in sand castings, Kondic*® has dealt with grain 
refinement of brasses and copper-aluminium alloys. 


Properties of Shell-Moulded Copper Alloys 

In an assessment of the properties of shell-moulded 
aluminium bronze and gunmetal by Glick,” it has been 
shown that in the case of aluminium bronze the structure 
and properties are similar to sand castings, whereas with 
gunmetal the structure is quite different and the proper- 
ties may also be influenced. Gunmetals are shown to have 
an almost wholly equiaxial structure which makes 
greater attention to feeding necessary, and techniques 
for obtaining pressure-tight shell-moulded gunmetal 
castings are suggested. 

Metalworking Techniques 
Annealing Processes 

A new roller-hearth furnace® for bright annealing 
copper tubes is claimed to require the attention of only 
one operator. Working at 500° C., the furnace, which 
contains a protective atmosphere derived from propane, 
is capable of annealing about one ton of tubes per hour. 

Edwards*’ has reported on a new continuous “flash” 
annealing process, whereby metal strip up to 48 in. wide 
is passed through a heating unit, then quench-cooled and 
finally re-coiled. The main advantage claimed is that 
grain size is from one-third to one-fifth of that produced 
in conventional annealing. Brass strip has been heat 
treated in this way. 

Another new method of continuously annealing 
metals,*”? including copper and copper alloys, in wire or 
strip forms, incorporates a system of heated and heat 
transfer rollers ; these are designed to preheat the un- 
treated portion of the strip or wire by transferring heat 
to it from the annealed metal via the heat-transfer 
roller. As a result, extension of the metal due to thermal 
expansion is minimised, and the part of the strip or wire 
passing over the heated roller maintains close contact 
with it, thus ensuring complete annealing. 


Cold Working 

Wilcox and Whitton** have described the cold 
extrusion of copper, with lubrication, at a low speed 
(0-44 in. /min.) using different die angles and extrusion 
ratios. Extrusion pressures calculated from an empirical 
equation derived in earlier experiments agree with 
experimental values within + 7%. This equation has 
now been shown to be applicable over a wide range of 
conditions to a number of materials extruded at slow 
speeds. 

Some recent developments in the production of both 
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helically-convoluted and  annularly-convo- 
luted thin-walled tubes, including those made 
from copper and copper alloys, have been dis- 
cussed by Poulsen.*® The author also des- 
cribes the manufacturing techniques em- 
ployed in the production of a semi-flexible 
helically-convoluted tube which can be bent 
by hand to very small radii. 


A liquid lubricant, consisting of an 
aqueous suspension of magnesium aluminium 
silicate and a diglycol ester, is claimed to be 
particularly suitable for deep drawing of 
nickel silver and fine-grained brass.*° 


Explosive Forming 


Cook" has described recent developments 
in the underwater explosive forming of 
metals, whereby sheet may be pressed into 
moulds by explosive charges detonated in the 
vicinity of the metal blank. Brass plates 
were also successfully coined by applying a 
uniform high pressure (resulting from an explosive 
charge) to a stencil placed on top of the plate, and the 
author also reports that abutting lengths of copper tube 
have been joined by expanding the ends inside a strong 
metal collar by an explosive charge detonated inside the 
water-filled tubes. 


Canadian developments in explosive forming have 
been revealed by Tardif,** ® who states that conical and 
hemispherical shapes in copper have been formed by a 
process of “ metal gathering.”” In this method, a blank 
holder is not employed, thus leaving the metal blank free 
to be forced downwards towards the bottom of the die, 
resulting in a thickening of the blank. The same 
author relates how the welding of dissimilar metals has 
been achieved by means of explosive pressures, and 
quotes a figure of 17,000 Ib. ‘sq. in. for the shear strength 
of a stainless steel-brass couple made in this way. 
According to Savitt,“4 explosive forming techniques have 
been used in tube forming. He quotes an example of an 
annealed cartridge-brass tube, the outside diameter of 
which was increased from 1-002 in. to 1-34 in. 


Finish- Blanking 


Howard® has described tests carried out at the 
Production Engineering Research Association on the 
use of radiused blanking dies for producing smooth and 
crack-free sheared edges on copper. Some useful 
comments on the use and construction of finish-blanking 
tools for this purpose are made. A detailed description 
of a Swiss fine-blanking process involving the use of 
specially-designed tools has been given by Haag.” The 
process is said to be capable of producing metal blanks 
with a tolerance of 0-0004 in. Piercing of very small 
holes, of diameter less than one-half the metal thickness, 
without any risk of breaking the punches on withdrawal, 
is said to be possible. 


General 

The Battelle Memorial Institute’? has developed a 
process of extruding clad-metals, such as aluminium clad 
to copper or copper alloys. The core material is fed 
through a hollow mandrel converging upon a die. The 
mandrel is housed inside a chamber containing rams 
used to extrude the cladding material, which is forced 


A 5ft. diameter closed-die copper forging for the nose cone of an 


inter-continental ballistic missile. 


through openings between the mandrel and the die. The 
cladding may be produced in a variety of shapes ; for 
instance, a hollow core could be overlaid with clad fins. 
Another report from the U.S.A.* states that the experi- 
mental production of light-gauge seamless copper 
tubing, which can be shipped in ribbon form and then 
inflated at the point of use, indicates that it will be 
economical to produce in gauges not at present 
available. 

Laman*® has reported on two new Soviet methods of 
producing fine copper wire from 20 to 2 microns in 
diameter. In one method molten metal is forced by air 
or inert-gas pressure through a small orifice. As the 
stream of molten metal enters the atmosphere, it cools, 
and wire is formed. The second method involves a drop 
of molten metal which is held in space within the confines 
of a glass tube by a high-frequency magnetic field. 
Heated by high-frequency current, the drop of metal 
softens the glass, which can then be drawn out into a 
very fine capillary which is filled by the molten metal. 
The resulting wire, in its glass sheath, is wound on to a 
revolving spool. 


Mechanical and Physical Properties 
Fatigue Behaviour 


The hardening of annealed copper during fatigue 
testing was studied by Siede and Metcalfe.6° The tests, 
in which a Baldwin-Sonntag rotating-beam machine was 
used, showed that the degree of hardening (from 55 to 
about 75 HV) was independent of the applied stress, and 
occurred largely during the first 4,000 stress reversals. 
Furthermore, it was found that copper hardened in this 
manaer is more resistant to annealing and has a higher 
creep strength than when hardened by other means. 

Surface coatings of long-chain polar substances such 
as dodecyl-alecohol and dodecyl-amine are claimed to 
increase the fatigue strength of beryllium-copper alloys, 
and an increase of 250°, on the fatigue life of such an 
alloy, stressed at 50,000 Ib. /sq. in. is said to have been 
achieved.*! 


Young's Modulus 


Work by Thompson and Paré®? concerns the variations 
of elastic modulus and internal friction of pure copper 
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erystals after neutron bombardment at a number of 
temperatures within the range — 183° to + 27°C. The 
effects of electron irradiation and subsequent thermal! 
treatment on copper showed that the elastic modulus 
increased following short exposures to high energy 
electron irradiation at — 190°C. = The increase was 
observed to occur in three distinct stages, at temperatures 
in the region of — 45°, —5° and + 80 C. 


Precipitation-Hardening Alloys 


Russian investigations** aimed at reducing the 
beryllium content of beryllium copper have resulted in 
an alloy containing 0-6-1-2°%, beryllium, 
manganese, and up to 0-2°, titanium. These alloys are 
claimed to have the same strength as normal-beryllium 
copper, but are said to be more ductile, cheaper to 
produce and have a higher corrosion resistance. 

Smith® found that a precipitation-hardenable copper- 
nickel-tantalum alloy (79 20/1) reaches maximum 
hardness after ageing at 750° C., and if cold worked 
prior to ageing, does not recrystallise below this tempera- 
ture. The alloy is said to possess hot and cold working 
characteristics similar to those of cupro-nickel, and to 
have good tensile properties at elevated temperatures. 

Tensile-strength properties of copper-6-5°, alumi- 
nium alloys containing up to 1-4°%, cobalt have been 
reported by Dennison.** A cobalt content of between 
0-5 and 1-0°%, was found to provide the optimum 
mechanical properties in this range of age-hardening 
alloys. 


Elevated-Temperature Properties 


Nachman and Olds*? report that a cermet made from 
molten copper containing a thorium boride dispersion, 
has four times the tensile strength of copper at 1,800° F. 
(980° C.), and is suitable for the manufacture of certain 
rocket and missile components as well as for jet and 
internal-combustion-engine applications. As a result of 
creep tests carried out on oxygen-free high-conductivity 
copper under constant stress in a vacuum, Feltham and 
Meakin®* found that the creep rate conformed to an 
equation which the authors have given. 


Low-Temperature Properties 


McClintock and others®* have described how the 
tensile properties of oxygen-free high-conductivity 
copper, normal-beryllium copper, low-beryllium copper, 
silicon bronze and phosphor bronze have been determined 
at temperatures within the range — 253° to + 27°C. 
Tensile strength, yield strength and Young’s Modulus in 
each case generally increased with decrease in tempera- 
ture, but two departures from this trend were observed. 
In the case of silicon bronze, the value of Young's 
Modulus dropped from 21 « 10° Ib./sq. in. to 19 « 10° 
Ib./sq. in. over the temperature range 197° to 

253°C. Over the same temperature range, the 
ductility of phosphor bronze, as measured by percentage 
elongation, showed a slight decrease. Other interesting 
contributions have been made by Barron,*® who found 
that the thermal conductivity of pure copper at — 253°C. 
is about thirty-three times that value at room tempera- 
ture, and by Martin,*' who has measured the specific 
heat of copper over the temperature range — 253° to 
+ 27°C. 

(To be continued) 
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Arc Furnaces for Steel, Peech & Tozer 
Further Units Ordered from G.W.B. Furnaces Ltd. 


RDERS have now been received by G.W.B. 
Furnaces, Ltd., to build four giant electric arc 
melting furnaces as part of Steel, Peech & Tozer’s 

£10 million development programme. The total order 
is the largest of its kind in the world. A year ago G.W.B. 
were awarded a contract from Steel, Peech & Tozer to 
build two of these electric are melting furnaces which will 
be almost twice as large as any previously built in Great 
Britain : the company has now received an extension 
to this order. The steel construction will be carried out 
by The United Steel Companies’ own subsidiary company, 
Distington Engineering Co., Ltd. Each furnace has an 
electrical rating of 40,000 kVA., and the total output of 
the finished plant will be 1,135,000 ingot tons of steel 
a year. 

The furnaces are entirely British built and engineered, 
the basic mechanical design being that of Demag- 
Elektrometallurgie. They have a nominal capacity of 
150 tons, but they will be worked with a 110 ton charge 
in order to have a shallow bath, with a large surface 
area ; this technique is considered by some metallurgists 
as a better way of making steel, rather than having a 
deep bath and smaller surface area for a given tonnage 
capacity. 

Mechanical Design Features 

The weight of the electrode supporting structure is 
permanently carried by the gantry which, after raising 
the roof, swings aside to allow charging of the furnace. 
Roof raising is by means of a hydraulic cylinder, the 
gantry being swung aside by an A.C. motor through a 
train of gears. The shell and gantry are mounted on a 
steel platform, the whole of which is supported by three 
are shaped rockers which allow the furnace to tilt forward 
45° for pouring and backward 15° for slagging. The 
drive for tilting the furnace is by two D.C. motors through 
gear trains to pendant pin racks attached to the under- 
side of the furnace. The control of tilting is through 
Ward Leonard sets. 

The shell is arranged for rotation which allows drilling 
of the scrap if so desired in three positions for each 
electrode. Rotation is 40° either side of the normal 
electrode position. The advantage of being able to re- 
position the shell in respect of each of the three electrodes 
allows for more even wearing of the shell lining and so 
increases the tonnage output for each lining. Rotation 
of the shell is by means of an A.C. motor through a 
train of gears. 

These furnaces will be installed having the interleaved 
heavy current connections made from the transformer 
outgoing terminals to the point where the delta con- 
nection is made at the electrode clamps. Water cooled 
flexible cables are employed to carry the heavy phase 
currents from the transformer to the water cooled bus 
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tubes carried by the electrode arms. To obtain maximum 
interleaving and balancing of electrode currents in each 
phase, four-electrode mast construction is employed. 
The two outer masts carry electrode arms which support 
the outer electrode, the arm movements being synchron- 
ised with each other. Balancing of the three electrode 
currents ensures even wearing of the shell refractory and 
greater stabilisation of the three are currents, and 
reduces the reactive MVA. swing presented to the elec- 
tricity supply system. The effect of interleaving the 
heavy current connection also reduces the percentage 
voltage reactance, so improving the power factor. 


Electrode Positioning 

Single acting, ram-type, cylinders are used for position- 
ing the electrodes, and counter-balancing is provided by 
arranging the exhaust from the cylinders to be at a 
positive pressure. The regulator employed for controlling 
the electrode position is of the true impedence type, a 
specially developed moving coil actuated valve being 
employed. The windings of this special moving coil 
assembly have a high rate of response and sensitivity, 
and as the hydraulic control valve is subject to oil 
pressure at each end of its operating piston it will come 
to rest when the two pressures are equal. This arrange- 
ment eliminates any possible variation in calibration 
due to variation in oil pressure or viscosity. 
To ensure stable are conditions, which are necessary 
to achieve the highest possible working power factor, 
electrical efficiency and minimum kWh./ton to melt 
the steel, the mechanical construction of the furnace 
platform gantry and electrode-supporting mast structure 
have been designed to enable the use of the high 
speed, high rate of response, hydraulic electrode control 
regulator. Interleaving the heavy current connections, 
and so reducing the reactance of this circuit, makes it 
essential to employ high speed electrode control in order 
to achieve a high working power factor during the 
breakdown period of the melt. 
Power for each furnace will be derived from a 40 MV A. 
transformer specially designed for its duty and employing 
on-load resistor bridging type tap changing equipment. 
The transformer consists of two basic units, a tapped 
auto feeding, and a double wound straight ratio unit. 
The heavy current terminations will be made by bringing 
out a number of connections in parallel and interleaved 
for each of the three phases, connections being brought 
out from the windings through the side of the transformer 
tank. Transformers will employ forced oil cooling 
through an externally mounted water cooled heat 
exchanger. The primary winding will be suitable for 
connection to a 33,000 volt, 3 phase, 50 cycle supply and 
the maximum are voltage will be 565 volts. 
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Spark Erosion 
Machining 
Equipment 


New Range Introduced to 
British Industry 


N contrast to classical machining methods, which 

involve cutting processes of one kind or another, 

spark erosion machining removes unwanted metal 
by micro-explosive means through closely controlled 
spark discharges. The technique is particularly suitable 
for machining materials which, because of their hardness 
or toughness, may be excessively difficult to machine 
by conventional methods. It can also be used on intract- 
able materials such as Stellite, tungsten-carbide and 
magnet steel, to produce openings and cavities which 
might be quite impossible to form by ordinary machining 
methods. There is no mechanical contact between 
electrode and workpiece, and this enables holes of any 
size or shape to be pierced in thin and/or delicate 
materials which would be deformed by the pressure of 
norma! cutting tools. 

The forming of irregular openings in forging, blanking 
and extrusion dies also comes within the scope of spark 
erosion machining and the common practice of assembling 
numerous. precision-ground pieces in order to form an 


irregular cavity in a die can be eliminated in favour of 


the one-piece homogeneous die. In the mass production 
of forging dies, as required in the motor industry for 
example, spark erosion is claimed as the most economical! 
manufacturing method, not least because it yields 
consistent accuracy in new sets of dies. 


Mode of Operation 


The essence of spark erosion is the production of a 
spark discharge between the workpiece (anode) and a 
suitably shaped electrode (cathode) immersed in a suit- 
able liquid dielectric and separated by a small gap. A 
spark is generated when the potential difference across 
the gap is raised sufficiently to break down the resistance 
of the dielectric medium so that an electrically conductive 
path is created. The high current density in the small 
cross-sectional area of the spark produces spark tempera- 
tures of up to 13,000° C, The energy is concentrated on 
the terminal areas of the spark path and although there 
is insufficient time for the localised heating to penetrate 
into the metal, the heating is sufficient to melt and 
evaporate the metallic particles in these areas and this, 
together with the powerful shock waves generated, 
produces a_ localised micro-explosion which blasts 
material from the work surface and leaves a characteristic 
crater. 


Crater size, and thus surface finish, is dependent upon 
the energy passed between electrode and workpiece. The 
lower the potential difference across the gap, the smaller 
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The Seleromat A spark erosion machine. 


the crater produced : the quality of finish can thus be 
adjusted by altering the discharge value across the gap. 
The spark always occurs at the point where the gap 
between electrode and workpiece is shortest, and so 
wanders randomly over the area of erosion, continuously 
reducing the successive high spots. The erosion at the 
electrode amounts to about LO-15°, of that at the work- 
piece, depending on electrode characteristics and the 
erosion rate. 

After the condenser has discharged across the gap and 
the dielectric surrounding the spark path has become 
de-ionised, the condenser re-charges and its voltage 
again rises to that of the break-down voltage within the 
next gap, upon which it once more discharges, and so on. 
The frequency of sparking is a function of the condenser 
capacity in microfarads and the frequency of the full 
wave rectified output of the single phase alternator. 
Mechanical flushing away of debris is achieved by the 
explosive effect of the spark discharge, by vibration of 
the electrode, and by high-pressure feeding of the 
dielectric fluid past the electrode. 


Languepin Range 

As the result of an agreement between La Soudure 
Electrique Languepin, of Paris, and a new Anglo-French 
company, Solar Weld Languepin, Ltd., Fulledge Works, 
Burnley, Lanes., the spark erosion machines developed 
and produced by the Paris company are now available 
to industry in the United Kingdom and the Common. 
wealth. The three machines in the range—the Seleromat 
A, the Seleromat B, and the Seleromic—all incorporate the 
unique Languepin design feature of auto-elevation 
retraction of the dielectric tank, thus obviating the need 
to fill and empty the tank. 


A complete spark erosion machine installation com- 
prises : (a) the machine itself ; (+) the spark generator, 
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The UE 2500 2M spark generator unit with integral control 
panel. 


housed in a separate cabinet and connected to the 
erosion head by a screened co-axial cable; and (c) a 
filtration unit for removing micro-solids from the 
dielectric fluid. 


Spark Generator 

The generator unit for common use with Seleromat 
A and B spark erosion machines is designated UE 2500 
2M. Power is derived from a 3-phase, 440 V., 50 c./s. 
A.C. supply, and interference suppressors are fitted to 
each mains cable. Within the generator, A.C. is obtained 
from a single-phase alternator, the output voltage of 
which is tuned to a predetermined value and fed into a 
bridge rectifier circuit. Positive pulses from the rectifier 
bridge are used to charge one of four banks of capacitors 
which discharge between the electrode and the workpiece. 
The full wave bridge rectifier has a “‘ warm-up ” delay 
switch. 

Housed in the cabinet is a push-pull servo amplifier 
for maintaining a constant spark gap between electrode 
and workpiece. The amplifier controls the split-field 
D.C, motor in the erosion head of the machine. The 
voltage across the spark gap is integrated and compared 
with a reference voltage and the error is amplified and 
fed directly to the servo motor to make the necessary 
corrections to the gap width. The servo control amplifier 
is housed in a removable drawer mounted on the front 
of the generator cabinet. The drawer carries indicator 
lights showing that the alternator excitation circuit is 
functioning. 

The rate of erosion is selected by means of a four- 
position heavy-duty switch, the control handle of which 
is situated at the front of the cabinet : the settings are 
marked “roughing,” semi-roughing,”’ “finishing 
and “ super-finishing.”” A small pilot switch working in 
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conjunction with the heavy-duty switch open-circuits 
the D.C. excitation supply to the alternator field and 
therefore allows the range to be changed without 
touching any other controls. A further feature allows 
control of the D.C. field excitation of the alternator, 
thus providing a continuous control of the erosion rate 
over the entire operating range. 


Stops can be set to stop the movement of the servohead 
automatically at any predetermined depth of penetration 
without switching off the complete generator equipment. 
Alternatively, the controls can be set to switch off the 
whole installation at a predetermined depth. The 
equipment can thus be left running without attention 
for considerable lengths of time. Current is switched off 
automatically if the generator cabinet door is opened and 
if the level of the dielectric is insufficient to submerse 
electrode and workpiece. 

Dielectric Filter 

The high rates of metal removal by the Seleromat A 
and B machines require a copious supply of clean 
dielectric fluid to ensure good surface finish on the work. 
Mechanical filtration of the fluid at the rate of 11 gal. hr. 
is obtained from the filtration unit, which will remove 
particles down to | micron in size. It comprises nineteen 
cylindrical elements built up from paper dises, the fluid 
entering the elements from the exterior and depositing 
its solids on the edges of the packed discs. The accumula- 
tion of solid particles is removed by blowing air through 
the element from the centre outward, at a pressure of 
30 Ib./sq. in. Alternatively a standard cylinder of 
nitrogen delivering at 30 Ib. /sq. in. will last approxi- 
mately six months for this purpose. The filter packs 
need renewal about every twelve months. On single 


The dielectric oil filter unit for use with Seleromat A and 
B machines. 
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shift working, element cleaning is only necessary twice 
per working week. The unit incorporates two pumps, 
one for scavenging from the erosion machine and the 
other for returning clean dielectric to the work-table. 


Spark Erosion Machines 

The Seleromat A machine is specially designed for the 
production of heavy dies, and has a work table measuring 
20 in. = 25 in. and capable of supporting a weight of 
I ton. The welded steel base incorporates the supports 
for the work table and houses the 100 gal. dielectric 
tank and its pump. The tank is raised and lowered 
electrically, and the level is automatically maintained so 
that the work table, the workpiece and the electrode are 
submersed. 


The electrode carrier and its servohead comprise an 
integral unit at the outer end of an arm which slides 


The Seloromic bench spark erosion machine, showing the 
dielectric tank in the fully raised position. 


vertically and swings horizontally on a ground pillar 
rising from the base of the machine at the rear. The 
arm can be swung clear of the table to facilitate loading 
of the workpiece. Vertical movement is controlled by a 
worm driven telescopic screw and fine horizontal adjust- 
ment is made by a simple screw device : quick-acting 
clamps secure the arm in position. 

The servohead is carried in opposed V-slides and has a 
vertical travel of 4 in. Motion is derived from a split- 
field D.C. motor driving a lead screw through a reduction 
gearbox, manual control being by push-buttons on the 
front of the unit. Automatic downfeed is governed by 
electrical trips and the depth required can be preset to 
a micrometer scale to increments of 0-001 in. The 
electrode carrier at the base of the servohead is electri- 
cally insulated, and a vibrator can be interposed which, 
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The erosion head and electrode carrier of the Seleromat B 
machine. 


of 50 ¢. s. provides a mechanical pulsation to assist in 
flushing eroded debris from the discharge area. 


As stated above there are four settings—roughing, 
semi-roughing, finishing, and super-finishing—and an 
indication of the capacity of the machine is given in the 
following table : 


Erosion Rate Surface 


Setting (cu. mm. Finish Tolerance 
min.) (micron) (in.) 
Roughing 1,000 0-004 
Semi-Roughing 140 18 0-003 
Finishing 5 0-001 
Super- Finishing 2 2 0.0003 


having a vertical movement of 0-0005 in. at a frequency 
These results were achieved on steel heat treated to 
Rockwell C 56, using the UE 2,500 2M generator and a 
2} in. diameter copper electrode. 


The Seleromat B machine is similar to the Seleromat 
A, but the erosion head is mounted on precision co- 
ordinate slides, for accurate positioning of the electrode 
over the workpiece, and can be traversed 12 in. longi- 
tudinally and 9 in. transversely, by means of screws 
fitted with micrometer drums calibrated in 0-O0OL in. 
(or 0-OL mm.) graduations. Illuminated optical vernier 
equipment is also available for attaining the highest 
order of setting accuracy. The electrode carrier and 
servohead are the same as for the Seleromat A, and the 
capacity figures tabulated above are also applicable to 
the B machine. 


The Seleromic is the smallest of the three machines in 
the range and is intended for bench-mounting. It 


possesses a number of refinements not usually available 
in machines of like size. 
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Cutting Plates For Transformer Cores 
Automatic Machine Installed by Ferranti 


General view of the new fully automatic core plate cutting machine. 


NEW and unique fully automatic core plate 
A cutting machine has recently been installed in 

the Transformer Department of Ferranti, Ltd., 
Hollinwood, Lanes. The research work which has been 
undertaken over a period of several years into the 
properties and characteristics of cold rolled grain 
oriented steels has resulted in the evolution of new core 
designs which, in turn, require extremely accurate 
manufacturing techniques. The new core plate cutting 
machine produces core laminations from continuous 
rolls of steel to a degree of accuracy never before 
achieved. 

Until the advent of grain oriented cold rolled con- 
tinuous steel strip, core production was limited by the 
size of hot rolled electrical sheet steel which could be 
supplied by the steel manufacturer, i.e. maximum plate 
size 9 ft. by 3 ft. With the introduction of cold rolled 
steel in continuous coils, it soon became apparent that 
the capacity of machines available would still set a 
limit on core production. Ferranti, Ltd., therefore, 
embarked upon a plant development programme with 
the object of introducing some measure of automation 
to core plate production, to improve the limits to which 
core plates could be produced and at the same time 
overcome difficulties in handling. 


Slitting the Coils 


To handle the continuous coils of steel supplied by the 
manufacturers, special purpose rotary guillotines or 
slitting machines were developed, and Ferranti, Ltd., 
installed such a machine in 1955. The purpose of this 
slitting machine is to reduce the width of the coil of 
steel to that required for the production of core lami- 


nations or plates. The machine (see Fig. 1) consists of 
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a de-coiler (A) which allows the coil to unwind and pass 
through the cutting head (B), where it is slit into strips 
of the required width. From the rotary cutters the 
material passes to the re-coiler (C) where the individual 
strips are re-wound. This machine can handle coils 
of up to 3 tons weight and from 34 in. to 36 in. wide. 
A maximum of eight strips can be cut at one set-up and 
strips down to 14 in. wide can be produced. 

The continuous strip, of correct width, as received 
from the slitting machine was, until the installation of 
the new core plate cutting machine referred to above, 
reduced to the lengths required on conventional guil- 
lotine machines, with subsequent press operations for 
the punching of holes and slots and edge grinding to 
remove burrs caused by the slitting and punching 


il 

—— 
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Fig. 1 Gang slitting machine. 
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operations. Depending on the design of 


core, the plates were either rectangular or a D oH 
regular 45° trapezoidal shape. oft “C) RR ed 6.55 

By this method of production, the limits 
to which individual plates were produced BED 
depended on individual guillotine and press Gc! 


operations working from the same datum 
point or stop each time. With the general 
increase in transformer size, plates of up to 
15 ft. long were being required regularly and 
the handling problems associated with this 
type of production began to approach the 


No.! 
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limit of human capability. 5 
Cutting the Plates : 

The new fully automatic core plate cutting as 


machine combines in one operation the 

piercing of all holes or slots and the cutting 

of two plates per cycle of the machine. 

Provision is also made for grinding of edge 

burrs, if necessary. All dimensions are 

related to the theoretical centre line of the 

strip of material, i.e. the centre line of the 

core. This has the advantage of dividing 

possible inaccuracies in the width dimensions 

equally to both sides of the plate, and not to one side 
only as in the case of guillotine or press production 
where all measurements were made from one datum 
edge of the material. The possibility of variations in 
length dimensions occurring due to human error in the 
case of guillotine and press production have been 
eliminated by cutting both ends of each plate and 
punching all holes and slots in one operation of the 
machine while the strip of material is in tension. 


Fig. 2 shows the layout of this plant with its control 
equipment, the bed of the press being 30 ft. long and 
4 ft. 8 in. wide. The machine is fed automatically to 
cut laminations two at a time, each 15 ft. by 36 in. 
wide and a special facility catering for laminations up 
to 47 in. wide has been incorporated. 


The sequence of operations, having set all the tools, 
end, hole or slot forming, is first to load the de-coiler (A) 
with a coil of material of the width and grade required. 
With the machine under hand control, the material is 
fed round the swinging arm (B), through the feed 
rolls (D) until the leading edge is beyond the first end 
forming tool (£,). The machine is operated by foot 
control and one set of holes or a slot is pierced by the 
piercing tools (F,) and a 45° mitred end, formed by 
tool E,. The piece of scrap material lying beyond 
E, is removed and the press switched to automatic 
control. 

The automatic sequencing is now—feed rolls (D) 
draw material from the loop between D and A, passing 
it under the piercing and end forming tools. When 
the swinging arm (B) is pulled sufficiently far from the 
at-rest position, contact across the photo-electric cell 
(C’-C’) is made and the de-coiler (A) operated, thus 
supplying more material to the feed rolls. As the 
leading edge of the material interrupts the photo- 
electric cell (G’-G’) the rate of feed is cut from 200 to 
4 ft./min. until the leading edge hits a micro-switch 
in the hydro-pneumatic press unit (H), when the unit 
operates and punches a small anchor hole in the material, 
the punch remaining through the material. The 
action of punching the anchor hole immediately opens 
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CONTROL PANEL 
Fig. 2—Core plate cutting machine. 


one pair of the main feed rolls (D) and causes the other 
pair to reverse, thereby pulling out any ripples there 
may have been in the material. 

This slow tensioning of the material continues until 
the electric clutch, through which the rolls are driven, 
starts to slip, when a hold-down ram in the feed roll 
unit ())) operates and holds the material in the tensioned 
condition. The reversing rolls return to the disengaged 
position and the ram operates, cutting and piercing 
two complete plates. As the ram rises all side stops 
are lowered and the piercing tool in the hydro-pneumatic 
press unit (H) is withdrawn, thus setting in operation 
the ejection mechanism which ejects one complete plate 
to the back and the other to the front of the machine, 
where they are automatically stacked on pallets. As 
ejection is completed, this cycle is repeated automati- 
cally. The machine is equipped with modern and 
completely adequate safety devices at all stages of 
operation. 

Dimensional and other details of this machine are 
as follows :— 


Overall length of plant 60 ft. 

Overall width of plant 4 ft. 8 in. bed 

Overall height of plant 12 ft. 

Method of control Electronic-pneumatic- 
hydraulic 

Weight of moving parts 10 tons + 3 tons for 
tools 

Total weight 60 tons 

Number of operators Two 


From 15 ft. to 24 ft. 
centre line length ; 
from 36 in. to 5 in. 


Range in plate size 


wide 

Maximum number of holes Unlimited 

Maximum number of rows of 

holes Unlimited 

Range in hole sizes {-2 in. diameter 

Slot size 2} in. x 12} in, one 
per plate 

Weight of end forming tools 1} tons each 

Number of plates /hour 360-480 


Continued on page 144 
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Special Purpose 
Brazing Alloys 


Economies in 
Time and Equipment 
Facilitated 


range of special-purpose brazing alloys has been 

developed, opening a much wider field to brazing 

techniques. Many operations which hitherto 
entailed welding or mechanical assembly now lend them- 
selves to brazing with resulting economies in time and 
equipment. For maximum strength in brazed assemblies, 
lap joints are normally recommended, and correctly 
designed joints will possess strength in excess of that of 
the parent metal. The choice of a brazing alloy of 
appropriate melting range can lead to assemblies of 
greater strength than can be obtained by welding, as the 
deletrious effects on the structure of the parent metal, 
arising from overheating during the welding cycle, may 
be avoided. 

The range of special-purpose brazing alloys, available 
from the Baker Platinum Division of Engelhard Indus- 
tries, Ltd., includes certain of the established silver and 
gold alloys and also the recently developed palladium- 
containing alloys. The properties and some of the appli- 
cations for which particular alloys are most suitable are 


(Courtesy of Ferranti, Lid.) 
The junction between the focus electrode and the support 
tube in this Klystron amplifier electron gun is brazed with 
441 alloy. 


142 


(Courtesy of Standard Telephones & Cables, Ltd.) 


722 and 724 alloys are used in the construction of these V.H.F. 
transmitting valves. 


described below. In general these alloys offer three 
important advantages over conventional brazing 
materials :— 

(a) strength at high temperature ; 

(6) low vapour pressure ; and 

(c) certain materials which could not be brazed with 

conventional alloys can now be joined satisfactorily. 

The following additional advantages are offered by the 
palladium-containing alloys :— 

(d) erosion of the parent metals is reduced to a 

minimum and, as a result, thin sections may readily 

be joined ; and 

(e) it has been found possible to join metallised 

ceramics directly to low expansion alloys without 

nickel plating the ceramic. 
Silver-Copper-Palladium Alloys 

The development of the palladium-containing brazing 
alloys has considerably widened the scope of brazing, 
opening the field to many new applications for high 
temperature and vacuum conditions and for joining 
difficult parent metals. Due to their low vapour pressures 
compared with the conventional silver brazing alloys, 
they are particularly useful in all vacuum applications, 
including electronic valve construction. The alloys 
have excellent flowing and wetting properties and 
penetrate exceptionally well into the spaces being filled. 
Nevertheless, the bridging qualities are such that, when 
the design permits, clearances of up to 0-020 in. may be 
filled successfully. This wide tolerance to joint clearance 
can represent considerable economies in final machining 
operations before brazing. 

There is little attack on ferrous or nickel-containing 
alloys by palladium-containing brazing fillers. This is 
particularly advantageous when brazing thin materials, 
such as those used for honeycomb structures, heat 
exchanger parts, etc. Selection from the appropriate 
alloys in the range enables complicated components to 
be assembled by step brazing. Steps of approximately 
50° C, (liquidus temperature) from 800° C.—1,100° C. are 
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Heat treatment 


Cucumbers grow firm and ripe in the controlled heat 
of the grewnhousc — and metal parts receive the best 
heat treatrnent in ‘Cassel’ salt baths. 

With salt baths as with greenhouses, what counts is 
experience. The ‘Cassel’ Heat Treatment Service has 
tong experience in carburising, heat treatment, temper- 


"ing, martempering and austempering. 


Write to: 
imperial Chemical Industries Ltd., 


London, $.W.1. 
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worries 


(Hargreaves did) . . the day he sent for his copy 
of the HYPREZ book, and also received details of 


the new slow speed lapping machine and new 


HYPROCEL self adhesive lapping and polishing discs. 

Told him all about this latest method of fine grinding, 

lapping and polishing metals. (he has an enquiring mind) .. . 
When his Board heard how HYPREZ and ENGIS 

products not only did all this much better, but much 

more economically, too, Hargreaves was made. 


All this was six weeks ago ... 


get hold of your copy now 


THE New 


This is rot the push type 
syringe. The Hyplica‘or is 
a specially desigred nylon 
meering dispenser for 
HYPREZ dcian.ond com- 
pounds. The knurled thumb 
wheel mo-es the piston 
back and forth. 


hey, you’d better 


| 
Everything you 

| need to know 

| about Hyprez 
Whaticis— | 

| What it does — 

| and how it's 


supplied — | 
| Fully detailed and illustrated Book 
| On request to : | 


Gabriel's Hill, Maidstone, Kent 
| Telephone: 551856 
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DIAMOND COMPOUND 


Tensile 
Strength (% 
| (tons/sq. in.) 


Alloy 


Silver Copper 


Gold-Copper 


Gold—Nickel 


722 | Silver-Copper-Palladium 29 23 
723 31 22 
748 32 35 
30 20 
725 33 15 
718 14 28 
719 22 30 


Copper- Palladium-Nickel- 
Manganese 40 35 


Silver-Palladium-Manganese 


Nickel-Manganese-Palladium 


Palladium. Nickel 


available in the silver-copper-palladium group, and the 
range may be extended by using other special-purpose 
alloys. 

Stress corrosion cracking occurs with many of the 
conventional silver-containing brazing alloys when 
brazing nickel-iron alloys (e.g. in glass-to-metal seals). 

The presence of palladium in the silver-copper- 
palladium alloys has been found to inhibit this effect 
and to confer increased resistance to oxidation and other 
forms of corrosion. For effective inhibition of stress 
corrosion when brazing low expansion alloys, a palladium 
content of not less than 10°, is desirable. For this 
reason, alloys designated 724, 725, 719 and 748 (see 
Table I) are particularly recommended for such applica- 
tions. The alloys do not form brittle compounds with 
most parent metals ; 
unexpected failures in service. 

The silver-copper-palladium range of brazing alloys 
was developed originally to meet the special requirements 
of the radio industry. The primary aim was to produce 
a graded melting range to enable electronic valve assem- 
blies to be fabricated by step brazing. Another impor- 
tant consideration was to provide alloys with vapour 
pressures lower than those in any existing range of silver 
brazing alloys and, therefore, particularly suitable for 
vacuum applications. 

The comparatively low melting points of the silver- 
copper-palladium alloys have proved advantageous for 
brazing v’here the parent metals are susceptible to grain 
growth at higher brazing temperatures. Furthermore. 
in some applications, it has been found possible to 
combine brazing with heat treatment. Apart from their 
advantages when brazing conventional metals, other 
more difficult parent metals—including cobalt-base 
alloys, Nimonic alloys, tungsten, molybdenum, zirconium 
and beryllium—have been successfully brazed with silver- 
copper-palladium alloys. 


Silver-Paliadium- Manganese Alloys 


These alloys have excellent creep resistance at elevated 
temperatures, and were originally developed to braze 
high-temperature, creep-resistant metals such as tung- 
sten, molybdenum, heat-resisting steels, and cobalt-base 
and nickel-base alloys. Erosion of stainless steels and 
alloys of high nickel content is slight and these brazing 
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Elongation 
on 10 in.) 


hence, there is little danger of 


Resistivity | | | Typical 


Hardness Specific (microhm/ | Liquidus | Solidus Brazing 
(D.P.N.) Gravity cm. cube at Coc) | Cc.) Temperature 
at 20° ©. 20° C.) | Ceo 


10-1 3-9 810 | 815 
75 10-1 | 6-0 852 S24 860 
140 10-3 9-9 ROR x76 905 
120 10-4 9-6 900 850 905 
185 10-5 14-3 950 901 955 
50 | 10-6 4-7 1,010 970 1,015 
8&5 9-4 15-0 1,090 1,080 1,095 


1,060 


1,000 
1,180 


1,120 
1,237 


alloys have been successfully employed for joining thin 


sections. This factor renders the alloys of particular 
value in the fabrication of heat exchangers. The 
palladium content of 2,602 alloy is higher than that of 
2,601, which accounts for the difference in brazing 
temperatures and mechanical strengths. For the same 
reason, 2,602 alloy is used only when the higher resistance 
to creep is desirable. Due to the high brazing tempera- 
ture, 2,602 alloy is not recommended for certain nickel- 
base alloys such as the Nimonies. 


Nickel- Manganese-Palladium Alloy 


318 alloy was developed as an alternative filler material 
to 2602 alloy. It has, however, a lower brazing tempera- 
ture and higher shear strength combined with comparable 
stress life on joints tested at elevated temperatures. It 
finds applications in brazing high-temperature creep- 
resistant metals such as tungsten, molybdenum, heat- 
resistant steels and cobalt- and nickel-base alloys. 318 
alloy is resistant to attack by molten alkali metals, and 
is thus of particular interest in applications not only for 
air-cooled gas turbines but for turbines cooled by liquid 
sodium. The alloy is of considerable interest for applica- 
tions in the nuclear energy field owing to its freedom 
from silver and elements of high neutron capture cross- 
section. As in the case of the silver-palladium-manganese 
alloys, the erosion of stainless steels and alloys of high 
nickel content is minimised, and 318 alloy is, therefore, 
particularly suitable for joining thin sections in the 
fabrication of heat exchangers. 


Copper-Palladium-Nickel- Manganese Alloy 

279 alloy was one of the most recent to be developed 
and has found applications in the nuclear energy field, 
it being second only to 318 alloy in resistance to attack 
by the molten alkali metals. It is particularly suited to 
brazing stainless steel and nickel-base alloy components 
where the low degree of erosion encountered renders the 
alloy particularly suitable for joining thin sections. In 
common with 318 alloy 279 alloy is suitable for vacuum 
brazing, but is available in a far wider range of sizes than 
the former alloy. 


Palladium-Nickel Alloy 
288 brazing alloy is unique in its combination of high 


r ____ TABLE I—PHYSICAL PROPERTIES OF ENGELHARD SPECIAL-PURPOSE BRAZING ALLOYS 
Alloy 
| 
179 26 30 88 | 10-0 25 | 779 779 800 
424 30 17 250 17-25 14-2 889 910 
429 27 38 112 15-2 13-9 915 905 930 
“1 45 5 245 | 17-4 | | 90 970 
| 
135 9-0 52-5 1,105 1,110 
2,601 18 11 95 10-5 9-4 1,120 1,120 
2,602 32 25 130 10-8 21-5 1200 | 1,220 
| 
318 53 7 330 8-4 18-1 1,120 1,125 
28s 30 30 224 10-3 21-7 1,237 1,250 
- 
} 
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strength at high temperature and excellent vacuum 
properties. This alloy has the highest palladium content 
of any of the palladium-containing brazing alloys, and 
better vacuum properties than any with comparable 
strength at high temperatures. It has been used for 
brazing high melting point materials, such as tungsten 
and molybdenum, for electronic applications. In this 
connection it may be employed as the first joint in a 
graded series, thereby extending the range of steps 
available with the existing silver-copper-palladium 
alloys. Thin sections of stainless steel may be brazed, 
and application has also been found in brazing metallised 
ceramics and cermets and in the nuclear energy field. 
Silver-Copper Alloy 

179 alloy is a long-established brazing alloy which, due 
to its excellent vacuum properties is used widely in the 
electronic valve industry. The flowing and wetting 
properties are exceptionally good. Because 179 is a 
eutectic alloy, it is not suitable for bridging large 
clearances. To some extent, 179 alloy is tending to be 
superseded by 722 alloy which shows certain important 
advantages, but, for step brazing, this silver-copper alloy 
provides a useful addition to the silver-copper-palladium 
alloys by extending the lower end of the melting point 
range. 179 alloy will braze nearly all parent metals 
satisfactorily, but when stress corrosion cracking is to be 
combated the silver-copper-palladium alloys will give 
improved results. Similarly, silver-copper-palladium 
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alloys are to be preferred for brazing parent metals which 
tend to form brittle compounds. 


Gold-Copper Alloys 

Gold-copper brazing alloys have outstandingly good 
vacuum properties and, in this respect, are second only 
to palladium-nickel (288 alloy) and to gold-nickel 
(441 alloy). 424 gold-copper alloy, although not a true 
eutectic, has a single melting point and has the higher 
gold content : 429 alloy possesses a plastic range, and 
hence, is more tolerant to joint clearance. Both alloys 
exhibit extremely good resistance to all forms of corrosion 
and may be employed with a wide range of parent metals. 
The gold-copper alloys are finding a wide field of applica- 
tion where their relatively high cost is outweighed by 
their exceptional properties. 


Gold-Nickel Alloy 

441 alloy has the lowest possible melting point of any 
alloy in the gold-nickel series and, together with 288 
alloy, has the best vacuum properties of any of the 
special-purpose brazing alloys described. Hence, it 
finds applications where the highest vacua are required. 
Due to its high gold content, 441 alloy provides excep- 
tionally high resistance to all forms of corrosion. In 
addition to its exceptionally low vapour pressure, this 
alloy also possesses greater mechanical strength than the 
gold-copper alloys. 


Transformer Cores 


(continued from page 141) 


The plant has been in production since July, 1960, 
and has achieved the original objectives of producing 
core laminations to a higher degree of accuracy than 
previously, resulting in an increase in core efficiency. 
It has also overcome handling difficulties with consequent 
increase in productivity. 

The machine was designed and developed by Ferranti 
engineers and manufactured to their instructions by 
A. Kinghorn & Co., Ltd., Todmorden, Humphries 
and Sons, Ltd., Poole, and The Norbury Engineering 
Co., Ltd., Hyde. Items of ancillary equipment have 
been manufactured by Ferranti, Ltd. 


Annealing and Insulating 


One of the important requirements of cores built of 
cold rolled steel is to provide careful annealing of the 
laminations to relieve the stresses set up in the material 
during the cutting and punching processes. The 
continuous annealing plant installed in 1957 is another 
indication of the determination of Ferranti, Ltd. to 
use this material as efficiently as possible. 

The conveyor-type stress relief annealing furnace, 
which is 120 ft. long and has an output of 0-5 ton per 
hour, has many advantages over conventional batch 
type furnaces. The annealing operation is carried out 
in an atmosphere of nitrogen, satisfactory annealing 
being assured by strict control over the operation of the 
plant and by regular checking of annealed samples for 
iron loss by the Epstein square method. With the con- 
tinuous belt type furnace the temperature gradient 
across a lamination is lower, due to the exposed area 
of the charge being relatively greater and the heat 
transfer predominantly normal to the laminations. 
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This results in a shorter annealing cycle and consequently 
reduced risk of contamination from the annealing 
atmosphere. 

The core material as supplied by the manufacturers 
in coils is insulated on both sides with a very thin 
anneal-proof insulating coating applied by a special 
thermo-chemical process. After annealing, one side 
of each lamination is further treated with insuline 
(kaolin plus binder) in a modern plant to a controlled 
thickness. 


New Ford Blast Furnace 


AsHMORE, Benson, Pease & Co., Lrp., of Stockton-on- 
Tees, one of the companies in the Davy-Ashmore group, 
has just been awarded a contract by the Ford Motor Co., 
Ltd., of Dagenham, to construct a new blast furnace with 
a hearth diameter of 20 ft. It is a happy coincidence that 
this—the fiftieth modern blast furnace which Ashmore’s 
have constructed in the United Kingdom and overseas 
during the past thirty years—comes from the same client 
who ordered their first, so many years ago. The original 
unit had a hearth diameter of 18 ft. 3 in., and astonished 
the industry by its performance; it held for at least 
twelve years every British record for output, and its 
economical coke consumption has only recently been 
rivalled by much later units. The new furnace is planned 
to go into production in the summer of 1962. 


ADDITIONAL factory premises in Wimbledon have been 
acquired by the British Rototherm Co., Ltd., Merton 
Abbey, London, 8.W.19, the scientific instrument makers. 
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International Galvanizing Conference 


At the Sixth International Galvanizing Conference to be 
held at Interlaken from the 4th to the 9th June, 1961, 
twenty-three papers will be presented by experts from 
Europe, Canada, Australia and the U.S.A. Technical 
sessions on bath heating, the metallurgical aspects of the 
process, welding, and after-treatments for galvanized 
steel will be of interest to all galvanizers. In addition, 
there will be a session on works practice and informal 
discussions on management problems (of particular 
interest to jobbing galvanizers) and other special 
sessions on sheet, strip, and wire galvanizing. 

In conjunction with the conference there will be works 
visits to jobbing plants in Switzerland and to strip, wire 
and tube galvanizing plants in Italy. Exhibitions of 
equipment and materials used in galvanizing and of 
applications for galvanized steel are also being arranged. 
Copies of the preliminary notice, which contains a 
registration form, may be requested from the Zinc 
Development Association, 34 Berkeley Square, London, 


Institute of Metals Medal Awards 


Tue council of the Institute of Metals announces the 
following awards of medals for 1961 : 


The Institute of Metals (Platinum) Medal to Masor 
J. P. Batt, D.S.O., M.C., chairman, Magnesium 
Elektron, Ltd., in recognition of his outstanding 
services to the non-ferrous metal industries and, in 
particular, to the magnesium industry. 


The Rosenhain Medal to Dr. P. B. Hirscu, of the 
Cavendish Laboratory, Cambridge, in recognition of 
his outstanding contributions in the fields of physical 
metallurgy and metal physics. 


** Aluminium in Architecture ”’ 


DvurinG the shooting of the prize-winning film “ Cities 
of Light ” by Centre Internationale de Developpement 
de VAluminium (C.1.D.A.), of which the Aluminium 
Development Association is a member, it was foreseen 
that much technical material would be filmed that would 
be of special interest to architects and builders. A.D.A. 
has, therefore, for their benefit, had such material made 
into a film under the title ‘‘ Aluminium in Architecture.” 
It is a 16 mm. colour film comprising two reels, each of 
20 minutes duration, which can be used separately if 
required. It has been prepared for distribution in 
English speaking countries by British Films, Ltd., and 
the commentary is spoken by Richard Baker of B.B.C. 
Television. 

The film records journeys made by Paul de Roubaix, 
the well-known cameraman of Paris, accompanied by an 
architect, to England, France, the U.S.A., Austria, 
Germany, Switzerland and Italy. It portrays trends in 
modern architecture and assesses the part aluminium is 
playing in its evolution. The film enables British 
schools to be compared with French ones, and American 
skyscrapers with their more modest European counter- 
parts. It is interesting to note that whilst some countries 
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NEWS AND ANNOUNCEMENTS 


continue to use their indigenous materials, such as 
marble, aluminium is being combined with them. At 
the same time curtain-wall construction with aluminium 
is being adopted in every country. Design of buildings 
is spectacularly free and effective. The manner in which 
advantage is taken of unusual sites is illustrated and a 
number of original ideas in applying aluminium will not 
escape the trained eye of the architect and builder. 

Requests for loans of copies of “ Aluminium in 
Architecture” should be made to The Aluminium 
Development Association, 33 Grosvenor Street, London, 
W.1. Tel.: Mayfair 7501. 


Cybernetics Congress 


Tue third International Congress of Cybernetics, 
organised by the International Association for Cyber- 
netics, will be held at Namur from Ith to 15th Sep- 
tember, 1961. The programme will be arranged in 
five sections : (1) principles and methods of cybernetics ; 
(2) semantic machines; (3) automation: technical 
aspects ; (4) automation : economic and social aspects ; 
and (5) cybernetics and life. Workers in this field wishing 
to present a paper to the Congress, should communi- 
cate with the Secretary of the “ Association Internationale 
de Cybernetique, A.S.B.L.,”’ rue Basse-Marcelle, 13, at 
Namur, Belgium, giving the title. Further information 
on the Congress can be obtained from the same address. 


Industrial Solvent Price Reduction 


[.C.I.’s General Chemicals Division has reduced the U.K. 
prices of two important industrial solvents, trichloroethy- 
lene and perchloroethylene, the former by £1 per ton and 
the latter by £5 per ton. These reductions have been 
made possible by greater output following increased 
demand. When similar price reductions were announced 
for January Ist, 1960, I.C.I. disclosed plans for a £1 
million extension to the solvents plant operated by the 
General Chemicals Division at Runcorn, Cheshire. This 
project is now well advanced and production is expected 
to start in the summer. Greater production capacity 
will enable I.C.1. to satisfy the growing demand for these 
two solvents for metal-degreasing, dry-cleaning, and 
extraction. As a result, it is hoped that further reduc- 
tions in price will become possible. 


Park Gate Development 


Tuset INvEstTMENTs, Lrp., announced in October a 
scheme by their subsidiary, The Park Gate Iron and 
Steel Co., Ltd., for the development of a new integrated 
works on a site adjacent to the existing Park Gate works 
near Rotherham. The aim was to bring the new works 
into operation early in 1964. It has now been decided 
that the development should be phased to make use of 
the group’s existing supplies of cold pig iron for the time 
being. Initially the new works will include the steel- 
making department, the blooming mill followed by a 
continuous billet mill and, on the finishing side, the 
continuous narrow strip mill. Hot metal for the Kaldo 
process in the new melting shop will be drawn from the 
company’s existing blast furnaces at Park Gate. The 
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Park Gate steel furnaces will draw cold pig iron from 
Renishaw (another subsidiary of T.1.) and from outside 
sources. The company’s total ingot production at 
800,000 tons a year will be only a little less than that 
earlier contemplated. 


The cost of this initial phase of the development is 
estimated to be of the order of £33 million compared with 
the estimate for the whole scheme of about £58 million. 
This phasing of the scheme has the consent of the Iron 
and Steel Board. It is still the aim that the new works 
should ultimately form a modern integrated plant 
including ironmaking facilities based on home ore and 
that they should accommodate further modernisation of 
the existing works. 


Micro-Tensile Testing 


Tuse INVESTMENTS announces an agreement with 
Techne (Cambridge), Ltd., for rights to manufacture a 
micro-tensile testing machine developed by the Tube 
Investments Research Laboratories at Huxton Hall, 
near Cambridge. The machine now deals with single 
crystal “ whiskers ” often too small to resolve with the 
naked eye. It employs a torsion balance to apply loads 
of | mg. to 400 g. to specimens with cross-sectional areas 
down to one 5,000 millionth of a square inch, and it 
measures by optical and mechanical means extensions in 
the specimen from a few Angstrom units to 15 mm. It 
can readily be adapted for tests in compression, tests in 
special atmospheres, and for thin film testing. 


Personal News 


Four new directors have been appointed to the board of 
Fletcher Miller, Ltd., the Hyde manufacturers of cutting 
fluids and industrial lubricants: they are Mr. J. R. 
BickERTON, chief chemist at the Hyde plant; Mr. J. 
BircHENOUGH, works manager at the Hyde plant ; Mr. 
R. A. Mriuer, divisional sales manager in the North 
London division ; and Mr. 8. V. TrLLey, senior technical 
representative in the Midlands and South Wales. In 
addition, the board have approved the appointment of 
Mr. D. W. Howe as their Northern area manager, 
engineering division. 

Mr. P. R. ArmiraGE has been appointed manager of the 
traction division of The General Electric Co., Ltd., in 
succession to Mr. W. D. Morton whose promotion to 
assistant general manager of the Witton Works was 
announced recently. 


Wickman, Lrp., announce that Mr. H. B. Morris, 
secretary, has been appointed to the board of the 
company. 

Mr. C. Smirn has been appointed assistant general 
manager of the Ore Mining Branch of The United Steel 
Cos., Ltd. He has been succeeded as group manager, 
underground mines, by Mr. F. Harrison, who was 
previously assistant group manager, underground mines. 
Mr. A. G. CLEeGHORN, general manager, Blackheath 
Works, Birmingham and Mr. W. H. Wentworrtn Pina, 
general sales manager, have been appointed special 
directors of Firth-Vickers Stainless Steels, Ltd. 

Mr. E. E. Biake, who has been with Kodak, Ltd., for 
more than fifty years, has relinquished his appointment 


as a director of the company, but will continue to serve 
as a consultant on matters relating to motion picture film 
business. Mr. 8S. C. Smyru has relinquished his appoint- 
ment as financial comptroller, and will relinquish his 
appointment as a director on March 3lst. To fill the 
vacancies arising on the board, Mr. N. A. Brick has been 
appointed a director, with effect from January Ist, 1961, 
and Mr. W. F. Tay tor is to be appointed a director with 
effect from April Ist, 1961. Mr. Brick has recently been 
appointed deputy manager of Harrow factory, and Mr. 
Taylor, until recently deputy-comptroller, became 
comptroller of the company on January Ist, following the 
resignation of Mr. Smyth. 


SHett-Mex and B.P., Ltd., announce the appointment 
of Mr. G. RicHaRDsSON as manager, industrial fuels 
department. This is a new department formed from the 
present fuel oil department and the company’s sub- 
sidiary, Shell-Mex and B.P. Gases, Ltd. This merging 
of the fuel oil and liquefied petroleum gas interests 
brings together the sale of these products to industry and 
commerce generally. 

Gerorce Kent, Lrp., have appointed Mr. R. Kent to be 
deputy chairman, and Mr. W. May to be assistant 
managing director of the company; and have also 
appointed as a director, Mr. J. G. VAUGHAN managing 
director of the Charterhouse Finance Corporation. 


Ix order to make room for promotion, Str WaLtTer 
Benton Jones, Bt., has retired from the board of 
Davy-Ashmore, Ltd. and Mr. M. F. Dowprne has been 
appointed a director. Mr. Dowding is general manager of 
the machinery division of Davy and United Engineering 
Co., Ltd., one of the Davy-Ashmore subsidiaries. As 
agreed in principle at the time of the Davy-Ashmore 
merger, Mr. C. E. Wraneuam, formerly chairman of 
Ashmore, Benson, Pease and Co., Ltd., and of P.G. 
Engineering, Ltd., has resigned from the boards of these 
subsidiaries and Mr. M. A. Frennes has been appointed 
chairman in his place. Mr. Fiennes is the managing 
director of Davy-Ashmore, Ltd. 


Obituary 
WE regret to record the death of the following : 


Str Artour Crort, chairman of Crofts Engineers 
(Holdings), Ltd., who died at his home, Buckstone Hall, 


Rawdon, near Leeds, at the age of seventy-four. Sir 
Arthur joined the business as an apprentice just sixteen 
years after it had been founded by his father on a capital 
of £50. When the business became a private limited 
company in 1907, Sir Arthur was appointed a director, 
and on his father’s death in 1920 he became joint 
chairman, followed by governing director in 1936. When 
the public company was incorporated in 1948, he became 
chairman and managing director. He retired just 
shortly after completing fifty years’ service with the 
company in 1953. 

Mr. C. Vernon-Roperts, western district manager of 
The Calor Gas (Distributing) Co., Ltd., who died in 
hospital at Wrexham, on 31st January, 1961, at the age 
of fifty-three. Mr. Vernon-Roberts was a member of the 
company for eighteen years, and prior to making his 
home in Ruthin, Denbighshire a year ago, he had served 
for four years as south-western district manager, with 
his home at Budleigh Salterton, Devon. 
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Minimum carburising time, fastest production rates and full 
quality control—these are the ac vantages of the Wild-Barfield Generatea 
e Gas and ‘ Carbodrip’ methods. The benefit of many ycars’ 
research is at your disposal when you write to us for advice on how 
gas carburising can give you a better product more efficiently. 
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Increased output of jet engine components. That is 
briefly the result of installing this 50 lb. (molten steel) 
capacity Wild-Barfield- NRC vacuum induction melting 
furnace at Filton. Bulk charging and mould locks enable 
semi-continuous production to be maintained. In fact, 
the weekly output of this one equipment is greater than 
that of five vacuum arc furnaces used for similar work. 
If you have a vacuum application, remember that the 
experience of Wild-Barfield covers the design and 
manufacture of all types and sizes of vacuum furnaces. 


WILD 
ArrielLU FOR VACUUM METALLURGICAL APPLICATIONS 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


WATFORD - 


HERTS .- Tel: Watford 26091 (8 lines). Grams. Electurn, Watford 
WBIIé 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Laboratory Flow Control Valve 


To be used in flow systems as an on /off control where the 
maximum flow rate is 525 ml./min. at 60 cm. head of 
water, the Grundy solenoid valve, is a cylindrical glass 
valve with a metal cored glass plunger, actuated by a 
concentric solenoid from a mains control unit. The 
glass valve has an overall length of 110 mm. and is 
cylindrical, being 70 mm. long by 16 mm. in diameter, 
with riffled extensions to accommodate 5 mm. diameter 
tubing. The cylinder contains a metal-cored glass 
plunger with a ground glass plug at one end which sits 
into the ground surface at the constricted outlet of the 
valve. The glass valve is mounted through the solenoid 
which is housed in a metal casting, 90 mm. in diameter, 
57 mm. long with an integral bosshead to accommodate 
rods of up to } in. in diameter. 

The control unit, housed in a sheet metal case 6} in. 
wide by 9 in. in depth, is a step-down mains transformer 
tapped at 12 V. with three circuits for controlling 
simultaneously (up to) three solenoids for operation on 
200/250 V. at 50 cycles A.C. The case is fitted with a 
white inclined front panel carrying a push button on/off 
switch with an indicating light for each solenoid, a mains 
on/off switch and a pilot light. The control panel and 
solenoid are housed in a synthetic hammer enamel 
finished case. 

Griffin & George, Lid., Ealing Road, Alperton, Middlesex. 

High-Temperature Torch 
A NEW high-temperature torch—the plasma-jet— 
designed by British Oxygen Research and Development, 
Ltd., is particularly suitable for applying coatings of 
high melting point or reactive material by spraying. 
Successfully deposited are high melting point materials 
such as zirconia, alumina, and titania; refractory 
and reactive materials including tungsten, tantalum 
and silicon; chemically-resistant materials such as 
titanium and stainless steel ; and wear-resisting mate- 
rials like tungsten-carbide and nickel-chromium-boron 
alloys. Possible uses for the plasma-jet include the 
coating of components such as rocket nose cones, jet 
engine tail tubes and gas turbine blades with refractory 
and wear-resistant materials. Other possible uses 
include coating of steel parts with chemically-resistant 
materials such as titanium and stainless steel and the 
application of hard wear-resistant coatings. 

British Oxygen Research d& Development, Lid., Deer 

Park Road, Wimbledon, London, S.W.19. 


Audio Thickness Gauge 


Wiru the extensive present day use of the metal spraying 
process for the protection of steel structures, the question 
of inspection and quality control becomes more urgent. 
Because thickness is an important part in the protective 
value of sprayed metal coatings it is essential that this 
should be adequately checked. The introduction of an 
entirely new type of measuring instrument goes a long 
way to reducing the problem. This instrument, which 
has been designed specifically for sprayed zine and 
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aluminium coatings, enables large areas to be checked 
rapidly. 

The principle of its operation is based upon an explor- 
ing head which may be moved quickly over the coated 
surface. The instrument, having been set to indicate a 
minimum thickness, gives an audible warning of areas 
which are below the required thickness. Accurate test 
specimens are used to set the gauge to any desired thick- 
ness between 0-002 in. and 0-012 in. The set is com- 
pletely portable, fully transistorised and the miniature 
operational battery has a life of over four months. It 
is unaffected by magnetic fields or stray magnetism. 
Whilst the exploring head is designed for flat surfaces, 
adaptors are being designed to enable the unit to measure 
curved surfaces and tubes. 


Metallisation, Ltd., Barclays Bank Chambers, Dudley, 
Worcs. 


Continuous Level Indicator and Controller 


AFTER extensive field trials in various industries, 
Thomas Industrial Automation, Ltd., are now marketing 
a new instrument known as the Levelrator which not 
only gives continuous indication of the contents of 
silos, tanks, hoppers, etc., but it will also operate visual 
and/or audible alarms. The equipment uses one elec- 
trode only for both continuous measurement and control. 
Alarm points can be set to operate over the full length 
of the electrode to suit the particular application. 

The electrode system can be of the rigid variety for a 
small vessel and the flexible type when the depth of the 
container exceeds 6 ft. The limitation of length of 
electrode is really dependent upon the particular appli- 
cation, but electrodes are available up to 60 ft. in length. 
The high or low level control points are completely 
independent of the indicating instrument, and the relays 
are operated by a specially designed electronic circuit. 
The long term stability and reliability of this equipment 
are claimed to be exceptionally high, and to be virtually 
unaffected by normal mains and temperature fluctuations. 

The control unit, consisting of a stabilised power 
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supply, alarm relay circuits, and built-in calibrating 
instruments, is housed in a specially designed cast iron 
or sheet steel weatherproof case, and can be situated 
up to 150 ft. from the electrode head unit. The built-in 
calibrating instrument has a scale length of 2} ft., 
graded in 2%, divisions, and can, if necessary, be used as 
a local indicator. 

Remote indicators can be supplied to customers’ 
requirements, and sited anywhere on the plant. The 
Levelrator can be supplied in multipoint units which 
allow centralisation of all the control and indicating 
meters. Meters can also be supplied for fixing to existing 
panels and control desks. 

Thomas Industrial Automation, Ltd., Station Buildings, 

Altrincham, Cheshire. 


Improved Nickel Plating System 


THE outdoor resistance of chromium plated components 
can be substantially improved by using a dual coating 
of nickel beneath the chromium plate, the dual coating 
consisting of a deposit of semi-bright nickel followed by 
a deposit of bright nickel. The Efco-Udylite Bi-Nickel 
system that has been introduced by the Electro-Chemical 
Engineering Co. Ltd., consisting of N2E sulphur-free 
semi-bright nickel followed by 66 bright nickel, gives 
good results in marine and mobile exposure and also 
in accelerated corrosion tests. Ductility and freedom 
from pitting are two advantages of the Efco-Udylite 
N2E deposit, which can be applied to any of the basis 
metals which are normally plated with bright nickel. 
such as suitably polished steel articles, copper plated 
zine-base die castings, brass components, etc. High 
levelling, high lustre, good ductility are characteristics 
of the Efeo-Udylite 66 deposit and the degree of adhesion 
obtained between the two deposits is excellent. ‘The 
overall cost of the Bi-Nickel system is lower than that 
of other dual nickel processes in current use. 

The Electro-Chemical Engineering Co. Ltd., Sheerwater, 

Woking, Surrey. 


Closed Circuit Television 


WITH a view to reviving the interest of those who have 
previously regarded closed circuit television as too costly, 
Nash and Thompson, Ltd., have recently introduced a 
new industrial television camera selling at £275, thus 
making possible a complete minimum installation for as 
little as £335. The Nashton equipment is simple to 
operate and the installation can easily be carried out by 
the user. No special control unit is required, all the 
power supplies being in the camera which is only 134 in. 

7} in. 7} in. A standard commercial 405 line 
television receiver is used as the monitor. This provides 
the great advantage of using local servicing arrange- 
ments to reduce shut-down time. 

The total equipment consists of the camera, which is 
connected by a co-axial lead to the aerial socket of the 
monitor receiver. The cost of the camera is only £275 
while the monitor can range from about £60 to £100 
according to the size of the screen. Various lenses, 
tripods, junction boxes etc. are available for use with the 
equipment. 

The Nashton camera uses a Vidicon pick-up tube and 
is normally supplied with one standard 1 in. f1-9 lens, 
having a horizontal angle of 28°, providing a field of view 
of 10 ft. of 5 ft. wide by 34 ft. 9 in. high. A 12-ft. mains 


lead is provided to supply the 240 V. 50 c./s. mains to the 
camera. The signal output is fed via a co-axial socket on 
the rear to the aerial socket of the receiver /monitor. The 
camera can be tuned by an internal preset capacitor to 
any of channels | to 5 in Band I. The controls on the 
rear of the camera are width, target, focus, height and 
beam plus a mains on/off switch and fuse. 

The maximum distance between the camera and the 
monitor varies from 400 ft. to 2,500 ft. according to the 
type of cable and the number of monitors used. If 
longer runs are required a booster or distribution 
amplifier can be provided according to the application. 

The camera has a modern appearance and two-tone 
colouring to blend into its surroundings and has been 
designed as a rugged unit for industrial applications. 
Printed circuits are used to ensure long life and 
reliability. 

Nash and Thompson, Ltd., Oakcroft Road, Chessington, 

Surrey. 


Pulse Polarograph 


THE pulse polarograph developed at Harwell to overcome 
the limitations of square wave polarography when 
applied to irreversible reductions, has the marked 
advantage of being capable of operation with base 
electrolytes 100 times more dilute. The instrument, now 
available commercially as the A1655 pulse polarograph, 


is capable of producing both normal and derivative 
polarograms, it being possible to detect reversibly and 
irreversibly reduced ions at concentrations of 10-*M and 
10-7M, respectively. Effects due to residual current, and 
to high concentrations of ions reducing at a lower 


potential, have been largely eliminated. The A1655 is 
in console form with 12-in. eye-level chart recorder, 
thermostatically controlled electrode system, and self- 
contained hydrogen generator for deoxygenation. 
Southern Instruments, Ltd., Frimley Road, Camberley, 
Surrey. 
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Book Notice 


USE OF ALUMINIUM IN 
ROLLING STOCK 
Proceedings of a symposium held in May 1960, 152 pp., 
including many illustrations. Published jointly by the 
Institution of Locomotive Engineers, 28 Victoria Street, 
London, 8.W.1., and The Aluminium Development Associa- 
tion, 33 Grosvenor Street, London, W.1. 42s. 
Tue development of aluminium alloys and their ever- 
increasing application to railway rolling stock led to the 
Aluminium Development Association inviting the Insti- 
tution of Locomotive Engineers to hold jointly with them 
a symposium on the use of aluminium in railway rolling 
stock. This was held at the Institution of Mechanical 
Engineers on 27th May 1960 and about 260 members 
and guests attended. 
The symposium comprised two sessions—a morning 
session when five papers on design and construction were 
introduced and discussed, and an afternoon session 
which was devoted to eight papers on operation and 
service experience. These thirteen papers were con- 
tributed by authors from Canada, France, East Africa, 
Germany, the United States and the United Kingdom : 
they have been reprinted in the present volume together 
with the complete discussion and the authors’ replies. 
The design and construction papers dealt with such 
aspects as the properties of aluminium used in rail 
vehicles ; general aspects of design in aluminium alloys ; 
stress determination in coach frames by electronic 
computation ; the crumbling of tubular structures under 
impact conditions; and the use of aluminium in the 
construction of railway vehicles. In the second session 
there was an assessment of economies obtained with 
lightweight rolling stock and an account of experience 
with light alloys in subway rolling stock. The remaining 
papers related experiences with aluminium alloys in 
general railway rolling stock in the countries mentioned 
in the preceding paragraph. 
The papers were of such wide interest that they 
promoted very lively discussions and communications 
from some twenty contributors. The presentation of 
these along with the original papers make this volume 
one of considerable interest to all engaged in the design 
manufacture and operation of railway rolling stock as 
an up-to-date survey of the knowledge gained by the 
experience of some of the leading rolling stock builders, 
university engineering departments and railway organi- 
sations in the U.K. and overseas. 


THE RAILWAY 


Trade Publications 


Tuos. Frrra & Joun Brown, Lrp., have been making 
forged steel rolls for more than half a century, and this 
experience, together with the collaboration of the Brown- 
Firth Research Laboratories, has enabled the company to 
establish the most suitable composition, heat treatment 
and hardness of a roll for a particular set of operating 
conditions. In a new illustrated brochure (Publication 
No. 222/1) are discussed the design, manufacture and 
properties of fully-hard rolls, semi-hard rolls, cogging 
rolls for steel bars and billets, and rolls for special 
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purposes, the last group including leveller rolls, pinch 
rolls, tension rolls and rolls for the Sendzimir cold mill 
and planetary hot mill. Further sections are concerned 
with maintenance and reconditioning, and with the ways 
in which failure can occur, the appearance of typical 
modes being illustrated. 


It is some sixteen years since John Holroyd & Co., Ltd., 
published a brochure on Holfos bronze. The new 
developments which, controlled by steady research have 
taken place in the company’s foundries, together with 
the increase in the machine shop facilities, have made a 
new edition of this book a necessity. Its sixty extensively 
illustrated pages present the history, development and 
applications of Holfos bronze. This material as first 
known was produced by chill casting under scientific 
control. Later, casting in a rotating mould by a special 
process was used to produce Super-Holfos bronze. These 
are not, however, the only casting processes used by the 
company : they still retain adequate capacity for hand 
or machine moulded bronze sand castings, and have also 
adopted the newer shellmoulding and continuous casting 
techniques, each process having its place within the 
organisation. 


* Burtt By Davy-Untrep ” is the title of a 92-page book 
illustrating by typical examples the current range of 
rolling mill engineering at Davy-United. It is not, of 
course, possible to include a full description or individual 
illustrations of all the varied rolling mill plant installed 
in recent years ; rather does the book seek to present a 
visual impression of the design and productive capacity 
which Davy-United now disposes to meet the require- 
ments of the metal industries. The type of plant 
featured, include rolling mills and auxiliaries for both 
ferrous and non-ferrous metals ; continuous processing 
lines ; lubrication and hydraulic systems ; rolling mill 
instrumentation ; and railway wheel plant. Finally 
there is a section outlining design and production 
capacity at Sheffield, Glasgow and Middlesbrough. 


“Tue Harvey Team” is the title of an illustrated 
brochure issued by G. A. Harvey & Co. (London), Ltd., 
which has been produced for circulation to customers 
all over the world who may only know of the company 
through the department normally contacted. The 
booklet, therefore, gives an overall account of the 
activities of the company in heavy and light fabrication, 
sheet metalwork, steel furniture, perforated metal, 
wire work and weaving, and galvanising. 


THE new Ultrasonoscope catalogue, available from 
Ultrasonoscope Co. (London), Ltd., is designed not only 
to set out the comprehensive range of equipment 
available, but also to be a valuable fundamental reference 
book for the newcomer to the field of ultrasonic non- 
destructive testing. More than half the space is devoted 
to the basic principles of ultrasonic testing and des- 
criptions of some of the techniques used for the more 
common applications. 


We have received from Morgan Refractories, Ltd., a 
leaflet dealing with the products of their associate 
company, the Douglas Firebrick Co., who manufacture 
a range of bricks and special shapes made from their 
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Ayrshire deposits of aluminous clays and high alumina, 
sillimanite, bauxite and fused alumina materials from 
other sources. These products are detailed in the new 
leaflet. 


Tue main function of a priming paint for iron and 
steel is to protect the metal if corrosion and breakdown 
of top-coats occur. Croda, Ltd., have recently issued 
a technical data sheet on their P.P.138 priming paint 
in which the active pigment is calcium plumbate, 
which is both an anodic and a cathodic inhibitor. 


Rerractory SusPENDED CONSTRUCTION” the 
title of Reprint No. 51, issued by the Incandescent Heat 
Co., Ltd. In this paper, which was originally presented 
to a joint meeting of the Society of Furnace Builders 
and the Society of Glass Technology, Mr. W. S. Sinclair 
discusses the essential features necessary for an efficiently 
designed suspended roof. 


Tune Investments, Lrp., have recently issued an 
illustrated brochure describing the wide variety of 
extended surface tube now being made by their sub- 
sidiary companies. This type of tube is finding impor- 
tant applications in the oil, chemical and power 
producing industries. 


In THE first issue of the George Kent, Ltd., publication, 
Instrument Engineer, which appeared in April, 1952, 
there was started a series of articles entitled ““ A History 
of Flow Measurement by Differential Pressure.” The 
last of the series was published in October, 1959, and 
the whole series has now been reprinted as publication 
1010 with the title of “‘ A History of Flow Measurement 
by Pressure-Difference Devices.” This is available 
from the company’s publicity department, at Luton, 
price 10s. 

BasED upon a lecture given by Mr. L. G. W. Palethorpe, 
the company’s chief metallurgist, an article on “The 
Use of Controlled Atmospheres in the Heat Treatment 
of Metals”’ is the principal feature of the December 
issue of the Wild-Barfield Heat Treatment Journal. Also 
included are an account of electric bell furnaces for 
heat treating stainless steels, vacuum melting plant at 
the Bristol Siddeley Filton works, and details of a new 
air dryer recently introduced from the United States. 


A number of modifications have recently been made to 
the range of Holmes-Connersville positive air blowers 
Type RBS resulting in improved performances. These 
modifications are fully described in Publication No. 85, 
obtainable from W. C. Holmes & Co., Ltd., Huddersfield. 


Turee recent furnace leaflets issued by the General 
Electric Co., Ltd., of England, deal respectively with 
roller hearth furnaces, induction heating furnaces and 
high temperature furnaces with hydrogen atmosphere. 
The induction heating furnaces described are produced 
under the terms of an agreement between the General 
Electric Co. and the British Geco Engineering Co., Ltd., 
covering design, manufacture and sale of induction 
furnaces. The high temperature furnaces, suitable for 
heat treatment at temperatures up to 2,500°C., are 
manufactured in this country under an agreement with 
the Austrian company—Metallwerk Plansee A.G. 

To mark the 150th anniversary of the founding of the 
company, J. & J. Dyson, Ltd., of Stannington, Sheffield, 
have produced a 48-page illustrated book describing 
their products. Although the company still makes 


standard fire bricks and ladle bricks, it has established 


a reputation as a producer of casting pit hollow-ware 
for the steel industry. Following sections dealing with 
raw materials and technical service facilities, details 
and illustrations of the various products form the main 
section of the book. 


Ir is claimed that Inco-Weld A electrodes and filler 
wire are the first welding materials ever to be specifically 
designed for joining dissimilar metals. A_ leaflet, 
obtainable from Henry Wiggin & Co., Ltd., details the 
properties of welds obtained using these materials. 


A NEw publication from High Duty Alloys, Ltd., is 
concerned with the Hiduminium 400 series of aluminium- 
base formable thermal neutron shielding materials. 
These consist of boron carbide, of suitably fine mesh 
size, evenly dispersed in a fully wrought aluminium 
matrix clad on both sides with high purity aluminium. 
Production is based on a technique whereby boron 
carbide particles are uniformly suspended throughout 
molten aluminium. 


COMPLEMENTARY to the Nimonic series of heat resisting 
alloys, Henry Wiggin & Co., Ltd., have developed a 
Nimocast series of alloys which combine high tempera- 
ture strength and scale resistance and are suitable for 
many applications involving the use of cast materials. 
They are similar to, and in some cases identical with, 
the corresponding Nimonic alloys, as far as composition 
is concerned. A publication available from the company 
describes the applications of these materials—mainly 
in aircraft gas turbines. 


Books Received 


“The Brittle Fracture of Steel,” by W. D. Biggs. 
420 pp., inc. author and subject indexes ; 242 diagrams 
and illustrations. London 1960. Macdonald and Evans, 
Ltd. 70s. net. 


“ Materials for Nuclear Engineers,’ edited by A. B. 
McIntosh and T. J. Heal. 373 pp., ine. index ; numerous 
diagrams and illustrations. London 1960. Temple 
Press, Ltd. 75s. net. 

“ Techniques of Non-Destructive Testing,” by C. A. 
Hogarth and J. Blitz. 216 pp., inc. index: numerous 
diagrams and illustrations. London 1960. Butterworth 
& Co. (Publishers), Ltd. 40s. net. 

“A History of Metallography,” by C. 8. 
pp., inc. appendices, bibliographic notes, acknowledg- 
ments and index; 110 diagrams and _ illustrations. 
Chicago 1960. University of Chicago. 68s. net. 

“ Engineering Metallurgy, Part II, Metallurgical 
Process Technology,” by R. A. Higgins. 404 pp., inc. 
index ; many diagrams and illustrations. London 1960. 
The English Universities Press, Ltd. 25s. net. 

‘* Embrittlement by Liquid Metals,” by W. Rostoker, 
J. M. McCaughey, and H. Markus. 162 pp., inc. index ; 
numerous diagrams and illustrations. New York 1960. 
Reinhold Publishing Corporation. 64s. net. 

“ Cermets,” edited by J. R. Tinklepaugh and W. B. 
Crandall. 239 pp., inc. bibliography and index ; numerous 
diagrams and illustrations. New York 1960. Reinhold 
Publishing Corporation. 76s. net. 

“ The Extrusion of Metals,” by C. E. Pearson and 
R. N. Parkins. Second edition, revised. 336 pp., inc. 
index ; numerous diagrams and illustrations. London 
1960. Chapman & Hall, Ltd. 45s. net. 
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Electrical Aids in Industry 


Control equipment must enable the motor to be 
operated effectively, to obtain maximum productive 
efficiency of a given machine. An outstanding advan- 
tage of individual electric drives is the flexibility of 
control available. Control equipment may be manual, 
semi-automatic or fully automatic, and includes gear 
for the following operations: 


(a) Starting 

(b) Speed Control (this subject will be dealt 
with in Data Sheet No. 16) 

(c) Reversing 

(d) Stopping 

(e) Switching off automatically if operating 
conditions become abnormal 

(f) Isolation of motor and control equipment 

from the supply. 
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Every application of power has its own particular 
control requirements—and they are legion. Below are 
featured four uses of electric motors and their 
controls; they are given only as examples and 
represent but a small fraction of the whole picture. 


Turret-lathe Control 


Various speeds are required for different tools, and it 
is possible to arrange, for instance, for a four-speed 
headstock, forward and reverse, incorporating a 
power-operated pre-selector speed change. By using 
a two-speed double-wound 

motor, eight speeds forward v3 


or reverse are obtainable. A e \ Co 
dial on the headstock is set _@ = 
to the required speed and” @ oe 
when a knob in the centre 

of the dial is pressed, the 2? reertret | 
power-operated mechanism 


changes the speed instantly. 


Crane Control 


This is a form of control which must be flexible yet 
completely foolproof. It is, for instance, possible to 
arrange for motor switching to be performed by 
contactors in response to movement of the crane 
driver’s master controller which has a number of 
notches, each of which is 
associated with a particular 
set of contactors for ac- 
celeration, speed control, re- 
versing and braking. If the 
controller is moved quickly 
from the ‘off’ position to 
the ‘last point lowering’, 
the rate of acceleration is 
limited automatically by the 


Data Shee NO.15 


relays. These also govern the retardation in order to 
prevent a heavy descending load being stopped too 
suddenly. This is just one of the ways in which electric 
control mitigates the hazards of crane operation. 
Planing-machine Control 

Another example of motor control for machine tools 
is that for planing machines. For general workshop 
machining, the Ward-Leonard controlled motor, 
with a speed range of 10 to I, gives a rapid and 
smooth reversal of the table travel and is ideally 
suited for short-stroke work. Two arrangements of 
Ward-Leonard control are available, the 3-machine 
set with generator, exciter and driving motor, and a 
specially designed 4-machine set with an additional 
auxiliary exciter. With the 3-machine set the control 


equipment can include magnetic time relays which 
automatically adjust a regulator to strengthen the 
motor field at the instant of reversal and therefore 
greatly increase the accelerating torque. The 
auxiliary exciter of the 4-machine set automatically 
provides ‘field forcing’ on the generator; in other 
words, the power input to the motor is increased to 
give more accelerating torque at the instant of 
reversal. 


Automatic Control 


The control equipments described incorporate 
automatic features which help considerably towards 
obtaining safe and efficient operation of the driven 
machine, but much still depends on the human 
element. Braking equipment, for instance, cannot 
always become effective until an operative has taken 
some action. In an emergency this physiological 
time lag which delays the initial action will also delay 
the final effect. Fortunately it is often practicable to 
employ devices, which will be described in other 
Data Sheets, to ‘observe’ any abnormal condition 
and immediately and automatically to initiate the 
braking system. 

Particular attention should be paid to the positioning 
of controls. When a machine, or group of machines, 
requires a large number of push buttons and, in some 
cases, instruments, etc., the controls can be grouped 
on a desk with a mimic diagram, located in a position 
where the operator has full view of the work. 


For further information, get in touch with your 
Electricity Board or write direct to the Elec- 
trical Development Association, 2 Savoy Hill, 
London, W.C.2. TEMple Bar 9434. 


They can offer you excellent reference books 
on electricity and productivity (8 /6, or 9 /- post 
free)—‘Electric Motors and Controls’ is an 
example. 

E.D.A. also have available on free loan 
within the United Kingdom a series of films on 
the industrial uses of electricity. Ask for a 
catalogue. 
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Now you can 
from 


on one Honeywell ElectroniK Recorder 


First the Modular development simplified 


points 


The new UNIVERSAL ElectroniK design and maintenance. Now 
Honeywell introduce an ElectroniK potentiometer 
Honeywell Multi-point that increases the scope of accurate 


multi-point recording — variety of points, speedy 
change of range and type of measuring elements. 
2, 3, 4, 6, 8, 10, 12, 16, 20 or 24 points 

can now be recorded on every Honeywell 


in Electronik design multi-record non-control recorder. 
Changeover is easily made in seconas. 


Potentiometer — another 


great achievement 


Replace print wheel- Replace shorting plug unit Change the range of the 


have cum-indicator dial, on special input terminal board instrument by slipping in 
fixed by a thumb nut. inside the instrument. new resistors. 
to do Different detectors can be compensated for by introducing new input terminal board. 


M 


Sales Offices in the principai towns and cities in 
the United Kingdom and throughout the world. 


| Write or send the coupon today to | 
Honeywell Controls Limited 
H Il Waxlow 2333 
reenford, Middlesex. axlow 
one y well | I am interested in the new Universal ElectroniK | 
\ t | Recorder. Please send me Spec. Sheet 153-23-HB l 
| Position 

ete | SINCE 18865 | Company | 
| Address | 
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LABORATORY METHODS 


PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


Edge Preservation During Metallographic Polishing 


By J. T. N. Atkinson and C. A. Godden 
Naval Research Establishment, Dartmouth, N.S., 


A technique for mounting metallurgical specimens using metal flake fillers in the plastic is 
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described. The mountings obtained give good edge preservation when the metallic specimens 
are covered by coatings of varying hardness such as paint, corrosion films and electroplates. 


specimens often presents a real challenge to the 

metallographer, particularly with samples involving 
thin layers of widely differing hardness, such as anodised 
or electroplated layers on aluminium or paint films on 
steel. Of the known methods of polishing, use of diamond 
abrasive,! with possible final use of magnesium oxide, 
preserves sample flatness best. Even here, however, 
slight rounding of sample edges occurs due to faster 
cutting of the plastic mount, and may be objectionable 
at magnifications of 500, or more. Means were 
therefore sought to reduce the difference in cutting rate 
at the sample edge by incorporating a suitable filler into 
the plastic mount. 

Admixtures of various mineral and metallic powders 
to the normal Bakelite mounting powder were studied ; 
it was found that a flake metallic powder of the same 
metal as the sample in question was most suitable. The 
mounting powder should be finely ground (minus 120 
mesh), the flake should be free of stearic acid, and the 
two should be intimately mixed. Suitable proportions 
depend on particle size distribution; for mounting 
aluminium specimens 2-5 parts by weight of aluminium 
flake to 7-5 parts by weight of Bakelite, and for copper 
specimens 3-5 parts by weight of copper flake to 6-5 
parts by weight of Bakelite, were successfully employed 
for the particular powders available. 

Somewhat higher than nermal mounting pressures 
(ca 5,000 Ib./sq. in.) are advantageous; the sample, 
inserted in the mixed powder, should be brought up to 
flow temperature and then the full pressure applied 
rapidly. The loosely compressed mixture, originally a 
thermal insulator, rapidly becomes conductive, and the 
sample develops an excess pressure as it expands while 
coming up to press temperature. A modest increase can 
be observed on the press pressure gauge, but, as can be 
seen from Fig. | the greater part of the increased pressure 
is effective only in the immediate vicinity of the sample. 
This results in an exceptionally hard and firm mounting 
around the sample periphery, and in improved sample 
flatness, even with the diamond abrasive procedure. Fig. 
2 shows nickel- plated copper sample mounted in 


Ee preservation during polishing of metallurgical 


1 R. Samucia, Inst. Met., 1952, 81, 471~7s 
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Illustrations of results obtained are included. 


Fig. 1.--Nickel-plated copper specimen mounted in 
copper-flake-filled Bakelite, showing compression area 
surrounding specimen. <2-5 


copper-flake-filled Bakelite and electrolytically etched in 
1°,, hydrochloric acid. The advantages of the technique 
are seen by the preservation of several small areas of 
nickel at the bottom of the large pore B: these would 
have been lost by ordinary mounting and _ polishing 
methods. Fig. 3 shows oxide film formed on aluminium 
in water at 200°C. It can be seen from the figure that 
the outer boundary of the oxide film is sharp and well 
preserved. 

A somewhat similar technique can be applied to casting 
resins, such as epoxies. However, it is not possible to add 
sufficient flake metal by direct means; it is therefore 
necessary to coat the sample initially with a low viscosity 
epoxy resin using vacuum impregnation if necessary on 
account of surface porosity, ete. The coated sample is 
then dipped in metallic flake, and the coating is allowed 
to harden. The treated sample is then mounted in a 
medium viscosity resin containing the maximum amount 
of metallic flake to retain pouring ability. Samples 
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Fig. 2.--Nickel-plated copper specimen mounted in 
copper-flake-filled Bakelite showing: A nickel plating ; 
B intrusion of plastic in defect; C substrate of copper ; 

and D copper flake filler. « 520 


produced thus show a moderate improvement in final 
edge preservation relative to unfilled epoxy mounts, 
though the results are not so good as with the pressure 
mounting technique given above. 

Use of dissimilar metal powders as plastic fillers is 
generally unwise, because of possible galvanic effects 
during the final polishing and etching stages. Electrolytic 
polishing is particularly convenient, since the typical 
pressed sample (1 in. diameter « 0-5 in. long) shows a 
resistance of about 2 ohms. Choice of plastic is limited 


Kent’s Italian Associate 


FoLLOwING the acquisition by George Kent, Ltd., of 
51%, of the share capital of the Tieghi Co., of Milan and 
Lenno, a new company has been formed—Kent-Tieghi 
S.p.A.—-which has purchased the whole of the assets and 
goodwill of the Tieghi Co. Kent-Tieghi have modern and 
well equipped works at Lenno on Lake Como, and head 
offices in the centre of Milan. Their products at present 
include recorders and controllers for flow, pressure and 
temperature of liquids and gases (both circular and 
rectangular chart) using pneumatic control systems, and 
supported by an extensive series of primary elements, 
relays and actuators. More recently, a range of miniature 
pneumatic recorders and controllers, and force-balance 
transmitters, has been put into quantity production. The 
company also holds an exclusive import and distribution 
franchise for the American Conoflow range of pneumati- 
cally operated control valves. 


Cambridge Instrument Expansion 


Work is now well advanced on another large modern 
building at the Cambridge Instrument company’s 
factory in Chesterton Road, Cambridge. The new 
building, which will be similar in appearance and joined 
at one end to the company’s new research laboratories, 
will consist primarily of two floors supported at first floor 
level by a series of reinforced concrete pillars. The top 
floor will house testing, assembly and wiring depart- 


Fig. 3.—-Oxide covered aluminum specimen showing : 
A substrate of aluminum; B oxide layers; and C 


aluminum flake filler. The sharpness of the outer face of 
oxide film is clearly seen. «700 


only by the choice of the polishing and etching pro- 
cedures, or by compatibility with the sample if paint 
coatings are to be examined in cross section. 
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ments, and the first floor will be devoted to enlarged 
production space for the company’s Microscan x-ray 
analyser and to works offices. The area beneath the first 
floor will be almost wholly taken up by parking space and 
a loading bay with gantry and platform. An important 
feature is a double-decker bridge that will connect the 
building to existing production departments and provide 
additional space for a calibration room and cloakrooms. 

The building, which is expected to be ready for 
occupation in July, adds 16,000 sq. ft. of floor space to 
the 20,000 sq. ft. provided by the research laboratories, 
which were opened by Lord Adrian in October, 1959. 
The mode of construction will give a clear area on all 
floors uninterrupted by columns or beams, and extensive 
use is being made of new materials and techniques. In 
addition, the building will be fully air-conditioned in 
order to provide an exceptionally high standard of 
cleanliness and the best possible conditions for those who 
will work there. The contract for the new building is 
being carried out by Messrs. J. Jarvis and Co., to the 
design of the architects, Edward D. Mills and Partners. 


Morgan Refractories for Denmark 
Tue Dutch motor vessel Carebeka was recently chartered 
by Danish buyers to lift a cargo of Tri-Mor high tem- 
perature castable refractories, manufactured by Morgan 


Refractories, Ltd., of Neston, Cheshire—a member of 
the Morgan Crucible group. The consignment, worth 
£20,000, is destined for use instead of firebricks in the 
lining of two large power station boilers in Denmark. 
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Strip Surface Finish Inspection 
’ YINPLATE and cold rolled strip need to be inspected 


during manufacture for surface defects or 

blemishes. At high line speed this can no longer 
be done by the unaided eve. The factors involved in 
rendering the fault visible may not be explicitly appre- 
ciated, and the exhibits on the stand of the British [ron 
and Steel Research Association demonstrated tech- 
niques employed in developing instrumental aids to 
visual inspection, as well as for studying the feasibility 
of fully automatic high speed inspection. 

Contrast Enhancement.—Bright tinplate has high 
specular reflection with little scatter. Surface defects 
show up as bright areas in a dark field, when viewed 
at an angle a few degrees off specular, and the high 
contrast attainable by correct choice of angle as well as 
appropriate setting of brightness and contrast controls 
was demonstrated in one of the exhibits. Also demon- 
strated was the way in which the image of a substantial 
length of strip can be built up by presenting narrow 
sections of the strip consecutively to a television camera, 
associated with a long afterglow monitor. 

In the practical case of examining strip at high speed, 
the image can be arrested by a rotating or oscillating 
mirror arrangement in front of the television camera. 
The camera looks at the strip through a mirror slot 
transverse to the direction of motion of the strip; the 
effect of the image arresting mirror is to convert the 
view “seen” by the camera to the appearance of a 
static plate behind a moving slot. By storing the 
images successively disclosed through the slot, a picture 
of an extended sample of strip can be built up, viewed 
over its whole area under identical conditions of lighting, 
which are those obtaining in the narrow region viewed 
through the fixed slot. The demonstration simulated 
this effect by viewing a fixed curved sample through a 
moving slot, the image arresting mirror being omitted. 

Photoelectric Scanning.—To demonstrate this tech- 
nique, three strips of tinplate with typical surface 
defects and one narrow strip of prime material were 
stretched over a drum rotated at approximately 700 ft. 
min. surface speed. The photocells receive scattered 
(i.e., off specular) light from the tinplate surface and 
their output current increases when defects traverse the 
illuminated field. The signals are amplified and passed 
through biased discriminators, which are set to a level 
slightly higher than the signal due to prime sheet. 
Signals in excess of the discriminator level from three 
adjacent channels are summated and filtered by an 
R.C. network before being presented to a further 
discriminator which makes an accept—reject de- 
cision. The purpose of the R.C. filter is to equalise the 
amplitude of signals from localised (e.g., scratch marks) 
and extended defects of comparable severity. 


Ultrasonic Probe Manipulator 
Experience has shown that inspection by the im- 
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mersion technique often requires the ultrasonic beam 
to be directed other than normally into the material 
being tested. In addition components with irregular 
shape may require the probe to be set at quite acute 
angles. At the same time the probe may have to be 
lifted, lowered or rotated about its axis. 

The latest addition to the manipulator range of 
Ultrasonoscope Co. (London), Ltd., is usually supplied 
fitted to a supporting gantry, the construction of which 
is flat and can be dimensioned to suit customers’ existing 
inspection tank. Displacement along and across the 
gantry is achieved by means of handwheel operation 
through lead screws. Scales are provided for measuring 
probe distance moved, marked in inches and tenths or 
centimetres and millimetres. Further subdivisions can 
be made on the handwheels giving increments down to 
one hundredth of an inch or one tenth of a millimetre. 

A handwheel control mounted on the front of the 
manipulator allows a movement of 0-2° to be recorded 
in the rotation of the search probe about a vertical axis. 
Backlash of this movement is virtually non-existent. 
Probe movement from a position approximately 20° to 
the vertical with the crystal face towards the couplant 
surface through 200° can be obtained by the use of a 
ball handle at the top of the manipulator. Thus, in 
conjunction with a 180° rotation about the vertical axis, 
a 320° rotation is possible about the horizontal axis. 
Provision is also made for the probe crystal face to be 
aligned parallel to the specimen with the rotation dial 
readings set to zero. 

Special Ceramics 


Modern industrial needs are usually for an all-round 
product, having a number of useful properties, rather 
than one special advantage. This is particularly true in 
the new field of * special ceramics.’ Special ceramics, 
capable of working at very high temperatures, form a 
promising field of materials which is being developed 
rapidly. They are needed today for work in nuclear 
reactors, in rockets, in high temperature thermocouples, 
and in chemical and metallurgical plants. 

Five years ago the potentialities of the field had barely 
been considered, but on the D.S.1.R. stand this year the 
British Ceramic Research Association had on show five 
new high temperature ceramics. Three of the materials 
(silicon nitride, silicon carbide and boron nitride) are 
now being produced on pilot plant seale at the Research 
Association’s laboratories in Stoke-on-Trent. Sample 
products are being supplied to prospective users for 
practical trials—after which it is certain that production 
will be taken up commercially in this country. The other 
two (aluminium nitride and boron phosphide) are still 
in the research stage and were shown for the first time at 
the Exhibition. 

Silicon nitride is a very strong hard ceramic that can 
be used at temperatures at which most metals would 
soften, melt or oxidise. It withstands sudden changes of 
temperature and does not shrink during firing: this 
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latter fact is a great advantage in making articles of 
complicated shape by machining the product in a 
partially fired state before final firing. Otherwise 
machining of the finished product would need diamond 
tools. Chemically inert, silicon nitride is highly resistant 
to attack by many molten metals and non-metals and 
can be used as a container for these. Silicon nitride 
articles have a further advantage in that they can be 
prepared by slip casting. This is done by pouring a 
suspension of silicon powder into a porous mould and 
allowing it to settle into a thick coating on the inner 
surface of the mould. The cast material is then fired in 
nitrogen and the result is a strong, hard product having 
the dimensions of the mould. 

Silicon carbide has an excellent history as a high 
temperature material, but the strength of the bond 
holding the carbide grains together has limited its use. 
Now a technique has been evolved by the B.C.R.A. 
which produces a self-bonded silicon carbide with about 
ten times the strength of the older types. The new 
material! is highly resistant to erosion by the hot exhaust 
gases of rockets. Among its other possible applications 
are as internal pump parts for handling corrosive liquids 
and molten metals, high temperature resistance ther- 
mometers, heaters for high-temperature furnaces, and 
structural parts for nuclear reactors. 

Boron nitride has a great advantage in that it can be 
shaped by normal machine tools. Its mechanical 
properties resemble those of graphite, yet it is an 
excellent electrical insulator. As such it may find 
application as a spacer in electronic valves and in wave- 
guides, and in high temperature furnaces. Since it is 
resistant to attack by many molten metals and semi- 
conducting materials, it may be used as crucibles or 
crucible liners ; and the low packing density of its well 
crystallised powder offers qualities as a thermal insulator. 
Other possible applications are as control rods in atomic 
reactors. 

Aluminium nitride is a strong, hard, electrically 
insulating material with properties and uses similar to 
silicon nitride. It may prove superior to silicon nitride 
in contact with molten aluminium. For example, it may 
be used as a container material or a thermocouple sheath. 
Boron phosphide, still in the research stage, may be used 
for transistors. 


Measuring Hydrogen Content of Steels 


Cracking and other forms of strain produced in steel 
may be caused by the amount of hydrogen it contains. 
This may be equally true of manufactured plate or a 
simple welded joint. A great deal of subsequent damage 
could be avoided if it were possible to assess quickly the 
amount of hydrogen in a given sample and take action 
to remove it. The British Welding Research Association 
has, in the last year, perfected a new rapid technique 
for measuring the amount of hydrogen dissolved in 
steels, and the prototype apparatus, which has been 
used during this period without failure, was shown for 
the first time at the Physical Society Exhibition. 

Until now the determination of hydrogen in steel has 
usually been made by heating a sample to about 600°- 
700° C. in a high vacuum system. Then the gas has 
been drawn out in a similar way to that used for the 
dehydration of materials, by a combination of heat and 

This system has had a number of disadvan- 
the apparatus is expensive and fragile, and an 


vacuum. 
tages : 


analysis may take up to two hours. The new technique 
takes about fifteen minutes. It uses a carrier gas 
principle in which argon, an inert gas, is passed over a 
sample of steel heated in a furnace. The gas which is 
produced is swept along to a hydrogen sensitive cell 
from which the result can be plotted directly on to an 
electrical graph recorder. This system is accurate to 
as little as 1 p.p.m. of hydrogen. 


Filament Type Paramagnetic Oxygen Detector 

The characteristics of the new filament type para- 
magnetic oxygen detector shown by Cambridge Instru- 
ment Co., Ltd., are largely complementary to those of 
the annulus type, which has given successful and 
continuous service for many years. The latter instru- 
ment, although more suitable for applications where 
more than 1°, of hydrogen is present is affected by 
carbon dioxide and requires levelling before use. Con- 
versely, the filament type detector is comparatively 
insensitive to carbon dioxide and more suited to con- 
ditions associated with vibration or change in level (such 
as on sea-going vessels), thus widening considerably the 
range of application for instruments of this type. 

In the new oxygen detector, two similar heated 
filaments are mounted in cavities in a metal block, and 
each is open to a stream of the gas mixture to be 
analysed. One of the filaments is situated in a strong 
magnetic field. Each filament forms one arm of a 
bridge network in such a way that a difference between 
the filament resistance values causes unbalance in the 
bridge. The dissimilar magnetic environments of the 
filaments lead to a difference in oxygen concentration 
round them and to a related difference in their effective 
temperatures and resistances. This causes an unbalance 
in the bridge indicative of the amount of oxygen present 
in the gas stream. The bridge output can be displayed 
on indicators or recorders in the conventional way and 
can also be used to operate ancillary controls or alarms. 

The detecting cell contains no moving parts and the 
instrument is robust and compact. Particular care has 
been taken in the design to minimise anomalous gas 
circulation within the detecting cell. Normal fluctuations 
in ambient temperature, sample flow rate and pressure, 
and mains voltage produce errors not exceeding 1°, full 
scale. Sensitivities corresponding to a full scale deflee- 
tion of down to 1%, oxygen can be provided for most 
gas mixtures. 

(To be continued) 


Tuos. Firtn & Joun Brown, Ltp., have placed an order 
with W. C. Heraeus G.m.b.H., Hanau, through their 
U.K. agents, Fleischmann (London), Ltd., for a vacuum 
arc-melting furnace to produce steel ingots up to 7 tons. 
The furnace is to be used for remelting steel electrodes 
under vacuum, the electrodes being cast by conventional 
methods. This process results in considerable reduction 
in non-metallic inclusions and gases (oxygen, nitrogen, 
hydrogen), and in improved grain structure of the ingot. 


Atuminium, Lrp., and Antonio Vernocchi S.A. of El 
Palomar, Buenos Aires, announced recently that agree- 
ment had been reached for the purchase by Aluminium, 
Ltd., of a majority interest in the Vernocchi company. 
Antonio Vernocchi S.A. has been a manufacturer of 
aluminium foil since the early 1930's. 
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PROCESS | GAS DRYING 


During wartime, gas masks were issued 
for filtering out poisonous and harmful 
constituents from air in the event of a gas 
attack. Birlec adsorption dryers are used 
for removing water vapour from process 
gases employed in modern manufacturing 
techniques. For process protection in the 
TH vu ah metallurgical, chemical and electrical 
industries, dew-points below 40°C. are 
frequently required. Standard Birlec 

* CETYLENE | 


dryers are available for such applications 
and specialised equipment can be built 
for obtaining dew-points down to — 100°C. 
Users of one or more of the gases listed 
alongside are invited to write to Birlec for 
a copy of Publication No. 82/4. 


DRY AIR & GASES 


AE!-Birlec Limited 
+ « ® ERDINGTON 
\\ GLASGOW CARDIFF 


M/B 4957 
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HIGH TENSILE BARS up to 4}" diameter. 
ROLLED AND MACHINED BARS up to 6° diameter. 
WIRE in al! sizes from 0.0076” diameter upwards. 
STRAND. SHEETS up to 6ft. 3fe. x STRIP] AND) FOIL 


DRAWN SECTIONS MACHINED PARTS NUTS AND BOLTS 


THOMAS BOLTON & SONS LTD 


Head Office : Mersey Copper Works, Widnes, London Office & Export Sales Department : 
Lancashire. Telephone: Widnes 2022 168 Regent St., W.I. Tel.: REGent 6427 


cvs-55a 


FURNACES 


for 
Forging 
Annealing 


Carburising 

Mould Heating 
Metal Melting 
Metal Holding 


Othe: products include — 
Gas Plant, Heat Exchangers 


Recuparative High Velocity Oil and Gas 
Gas Fired 


Slot Force Furnace 


INDUSTRIAL FURNACES LTD. 
KINGSWINFORD STAFFS ENGLAND 
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need a piggy-bank to save! 


you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel. Whatever the consumption, from {th to 150 gallon per hour 

there is a FRANKLIN-DINE OIL BURNER to give 

increased Oil economy at lower maintenance cost 

Write to-day for full particulars 


for all furnaces 


Manufacturers of 
INDUSTRIAL FURNACES AND BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 
BAKER STREET, SPARKHILL. BIRMINGHAM, I! 
Phone. ViCroria 2579 


Y 


COMBUSTOR OPERATION eos 


The stable toroidal flow pattern ensures cool 
refractory walls and highly pre-heated combustion 
air. The unusually high temperature prevailing 

in the pre-heated air/oil flame gives completely 
smoke-free, neutral or controlled oxidising products, 
very near theoretical temperature. 


Lda 


PRE-COMBUSTORS OIL GASIFICATION 


High temperature Exceptionally fine atomisation combined with OIL GASIFIER 
with exceptional highly turbulent mixing and intense radiation 
* Absolute control 


turn-down provides a range of hot producer gases to choice, of furnace atmeephere 


High or low excess air suitable for ducting to furnace ports. 
- ad P * Soft, lazy radiant fiames 
or completely 


Fully automatic control can be based * Any grade of fuel oil or 

on temperature, on atmosphere or on both. Burner coal tar fuel 

systems have press-button ignition and there is 

a flame failure control on each burner. * Continuous operation 


Suppression of SO, 


formation 
* 
Complete absence of instantaneous response 


smoke and smut 


APPLICATIONS INCLUDE: meiting and Re-heating Furnaces, Annealing Ovens, Core Stoves, Brick Driers etc. 
and the Auxiliary Firing cf Waste Heat Boilers. 


For full details write 


RT’ 1 9 5 Wadsworth Road : Perivale- Middlesex - Perivale 9511-6 
U RQ U H | M ITED Albion Dockyard - Bristol 1 - Bristol 26221-3 
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NOW THE 


LEGTRODRYER 


Lectrodryers give you absolute contro! of moisture. 

A complete range of equipment is offered: for 
atmospheric or high-pressure conditions, for very small 
or very large volumes, for air, gases and certain 
organic liquids. Also available are standard dehumidifier 
units for air conditioning. 

The basic element of a Lectrodryer is an adsorber 
unit, which is reactivated by heat to maintain constant 
high efficiency. Lectrodryers intended for continuous 
operation have multiple adsorbers, the flow being 
switched to allow reactivation. Such units can be 
equipped for manual or completely automatic control. 


Dual-adsorber Budget Air Drver, 

Air dryer as used in high used where extremely dry air ts 

pressure compressed air required in small volumes up to 

installations —600 /b./ sq. in 20 ¢.f.m. This unit weighs only 
68 pounds 


An air conditionng dryer Latest 
of the type used in such design of fully 
plants as sweet factories automatic instrument air dryer 


G.W.B. FURNACES LTD. DIBDALE WORKS, DUDLEY, WORCS 


Associated with Gibbons Bros. Led., and Wild-Barfield Electric Furnaces Ltd. GW824 
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FOR ALLOYS 


SILICON e MANGANESE o ALUMINIUM 
NICKEL e NICKEL ALUMINIUM e BORON 


TITANIUM CHROMIUM RUTILE COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with : — 


BLACKWELLS METALLURGICAL WORKS LTD. 


Thermeta!l House, Garston, Liverpool! 
‘Phone: Garston 980 "Grams: “Blackwell,"’ Liverpoor 


125 Kva 


Radio-frequency Valve Sets 


of this capacity are rare! ! 


Have you a surface hardening 
problem we can help with ? 


Write or phone us for full information 
FLAME HARDENERS LTD. 
Shorter Works, Bailey Lane, 


Sheffield, 1. 
Telephone: 21627. 
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Head Office : 


@ ILLUSTRATION SHOWS A THREE ZONE 4” TUBULAR 
POWDER REDUCTION FURNACE WITH AUTOMATIC ENTRY AND 
EXIT DOOR GAS FLUSHING VALVES}AND AUTOMATIC TEMPERATURE 

CONTROL EQUIPMENT. TEMPERATURE RANGE 1000°C. USING LOW VOLTAGE HEAVY DUTY ELEMENT WINDINGS. 


ESTATE, SLOUGH, BUCKS. 
Telegraphic address : SINTBRAZ SLOUGH 


SINTERING and BRAZING 
FURNACES 


124a-130 EDINBURGH AVENUE, TRADING 


LTD 


Tel : SLOUGH 21143 & 24746 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


THOMAS 


HIGH-GRADE STEEL MAKERS 


ANDREWS 


COMPANY LIMITED 


“MONARCH”? { Hor cou ove streets 


TOOL HOLDER BITS 


“HELVE”’ 


{ CARBON TOOL STEEL for 
CHISELS, PUNCHES, &c. 


THE 


Telephone 
SHEFFIELD 22131 


HARDENITE STEEL COMPANY LIMITED 


Telegroms 
SHAFTING, SHEFFIELD, 4 
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FERRO ALLOYS 


TUNGSTEN MOLYBDENUM 
VANADIUM & TITANIUM 
also 

PURE CHROMIUM 
AND MANGANESE 


MINWORTH, SUTTON COLDFIELD, WARWICKSHIRE 
Telephone: Birmingham ASHfield 1114 
Telegrams: MINMET B’ham ~- Telex 33479 
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An important advance 
in furnace design 


This highly successful furnace was designed and constructed by 
us to meet the following ROLLS-ROYCE specification : 


1. variable temperature range from ambient to 1,100° C. 
2. tolerance of + 10° C. throughout the range. 

3. even temperature distribution at all temperatures. 
4. heating chamber size 4 ft. 6 in. » 4 ft. 6in. x 5 ft. 


We overcame the problems involved by using forced-air circulation 
with the fan assemblies made of “* Nimonic 75 ” heat resisting 
alloys mounted on air-cooled tubular shafts. The air guide, which 
was also made of * Nimonic 75 ” was supported from the roof to 
reduce distortion at maximum temperature. 
The heating elements were housed in re- 
fractory grooves to facilitate easy replace- 
ment even with the furnace still relatively 
hot. Tests before shipping were 
entirely successful, the temperature 
variation being + 5° C. at 750° C. 

and negligible at 1,100 

C. The furnace is used 

for the heat treatment of 

Rolls-Royce “Conway” 

“Avon” and “ Dart” 

jet engine assemblies. 


For your 
next electric 
furnace 


consult INDUSTRIAL 


ELECTRIC 
HEATING 
SPECIALISTS 


Hedin Limited, Fowler Road, Hainault, Essex 
Telephone: HAlnault 4422 


WE SHALL BE PLEASED TO SEE YOU ON 
STAND No. M14 AT THE A.8.E.E. EXHIBITION 


FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.LD., Min. of Supply and other Govt. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.19 
Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


| LABORATORY SUPERVISION 


A.R.B., D.G.1., APPROVED 


BRIGHT ANNEALING i BRIGHT HARDENING 


Steel & Copper Pressings, Bolts, Bolts, Springs, and also 
Strip and large components up to 4ft. large components up to 3ft. 


CASE HARDENING C4 LIGHT ALLOYS 
up to 4ft. 6in. 

Gas Carburizing, Carbo-nitriding, Solution and Precipitation 
High Frequency, |OkVA up to /0ft. 


Selected controlied atmospheres for all purposes 
LOCAL DELIVERIES 


ELECTRO HEAT TREATMENTS LTD., 


Bull Lane, WEST BROMWICH, Staffs. 
Telephone No. Wes. 0584 - 0756. 


MECHANICAL WORLD 


MONOGRAPHS 


Net price By post 
2/8 


3 The Calculation of Convective Heat Flow . . f 2/2 
5 i 1/2 
6 i 1/2 
2/2 

1/0 1/2 

1/6 1/8 

1/0 1/2 

2/6 2/8 

1/0 1/2 


Installation and Care of Electrical Power Plant 3/6 3/8 


EMMOTT & CO. LTD. 


31 King Street West, Manchester 3 
London ; 158 Temple Chambers, Temple Avenue, E.C.4 M.1. 
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tin 


pure 


In regular production and available in 
commercial quantities. 


CAPPER PASS & SON LIMITED 
NORTH FERRIBY YORKSHIRE ENGLAND 
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THE LARGEST EVENT OF ITS KIND IN THE WORLD 
Olympia- London 
* 


1961 


For full details, please write to the organisers: 
F. W. BRIDGES & SONS LTD. 
Grand Buildings, Trafalgar Square, London, W.C.2. 


| | 
‘ 
A 
é 
i 
— 
| 
| 
| 
i] 


Trub Tauber 


electron diffractograph 


for determining the crystalline structure of surfaces, thin layers, and 
extremely small quantities of material—for microbeam electron diffraction 
and kinematic electron diffraction by the Boettcher method. 


#* Balanced optical system %#* Devices for heating and cooling the 

# High resolving power test specimens 

#* Efficient vacuum system #* Devices for discharging, etching, surface 

# Kinematic recorder evaporation 

%* Large range of specimen holders for |§ * Various cameras for photographic re- 
various methods of investigation cording on plates and films 


other equipment includes ELECTRON EMISSION MICROSCOPE - ELECTRON MICROSCOPE 
NUCLEAR MAGNETIC RESONANCE SPECTROGRAPH - ELECTRON RESONANCE SPECTROGRAPH - DOUBLE 
BEAM, HIGH TENSION OSCILLOGRAPH - QUADRUPLE BEAM HIGH TENSION OSCILLOGRAPH 


Sole agents in Great Britain 


H. Tinsley & Co. Ltd. 


Werndee Hall, South Norwood, S.E.25 Tel: ADDiscombe 6046-8 


CLASSIFIED ADVERTISEMENTS 


Fai CAPACITY AVAILABLE 


For qualified | 


HEAT TREATMENT 


AND SURVEYORS | UP TO 1000°C. 
THE TECHNICAL | 


AND TE SANDHOLME 
| CO. LTD. 
SCIENTIFIC TODMORDEN, LANGS. 


provides a National Employment and Advisory Service. 
All enquiries are dealt with in confidence by 
professionally qualified staff. 

A leaflet, giving details of the Service, will 

be sent on request. 


| Largest furnace will take material 
up to 15’ 9” x 11° 9" x 8 0” and 
| 7 tons per piece 

Write for information or appointment to | 


THE TECHNICAL AND SCIENTIFIC REGISTER, Continuous automatic process control 


Dept. K. 9 Almack House, 26 King Street, London, S.W.1. 
6200 (Ext. 328) and laboratory supervision 
Issued by the Ministry of Labour 
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‘ Manufacturers of Automobile, Aircraft and Industrial Equipment. 
Vacancies exist in the 
Metallurgical Laboratories 
for 
SECTION LEADER ret. no. 1916) 
; ioe to be in charge of a section concerned with the metallurgical control of the production of sheet metal 
7 : components for Gas Turbine Aero engines. Applicants should hold a degree in Metallurgy or the 

L.1.M., and have a wide experience of metallurgical control problems. Some knowledge of fusion 

and resistance welding would be an advantage. 

(Ref. No. 1866) 

required for fatigue testing on a wide range of engineering materials. Applicants should be qualified 

te O.N.C., or preferably H.N.C., standard. Previous experience of fatigue testing advantageous 

but not essential. 

Replies should be addressed to: The Personnel Manager, Lucas Gas Turbine Equipment Limited, 

Hargher Clough Works, Hargher Street, Burnley. 

FURNESS, LAN 
Chemists in several categories are required in connection with developments 
in the field of Nuclear Marine Propulsion Machinery. 

(a) One of senior status for which a good degree in Chemistry or G.R.LC. 
would be a suitable qualification. Previous experience of water analysis 
or boiler water control would be an advantage. 

The successful applicant will be required to undertake responsibilities in 

connection with the chemical control and maintenance of pressurised 

: water reactor systems, including radio-chemistry. Experience of radio- 
nes chemistry is not essential as training can be given 

(b) Several Assistants for which O.N.C. or H.N.C. with Chemistry as a main 
subject would be suitable qualifications. Their work would be mainly 
analytical in connection with the water systems as described above. 

s Applicants, who must be of British birth, should forward full details of qualifica- 
tions and training to : The Chief Chemist, at the above address. 


QUALIFIED METALLURGIST 


We have an excellent opening for a young metallurgist possessing a degree, 
A.1.M. or L.I.M. qualification, to work in our Metallurgical Laboratory, which 
serves both our Aircraft and Engine Companies. 


The work covers a broad field of materials and processes and offers excellent 
opportunities to extend your experience. 


Please write for further particulars to :— 
The Technical Staff Manager, 
BLACKBURN AIRCRAFT LIMITED, 
Brough, Yorkshire. 
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CLASSIFIED. ADVERTISEMENTS. 


War OFFIC E require Chemist LIL for 

Inspectorate of Fighting Vehicles and 
Mechanical Engineering at Kidbrooke, 
8.E.3, to assist senior officers in technical 
control and preparation of inspection 
techniques relating to protective treatment 
systems applicable to ferrous and non- 
ferrous metals used in bridging and 
vehicle construction. Qualifications : 
Degree in Chemistry, A.R.I.C., A.1.M., or 
equiv. Experienced in dealing with cor- 
rosion problems, painting systems and 
metal spraying. Knowledge of plastics 
advantageous. Salary £805 (age 25) 
£1,260 p.a. (National Scale, plus London 
Weighting), age 34 or over start at 
£1,095. Forms from Ministry of Labour, 
Technical and Scientific Register (K), 
26, King Street, London, 8.W.1, quoting 
F.616/OA. 


AR OFFICE, Radway Green, 

Cheshire, require Metallurgist to take 
charge of section under Chief Metallurgist. 
Factory engaged in manufacture of small 
arms ammunition and an interesting range 
of components required in nuclear, air- 
craft and general engineering. New 
production techniques are being devel- 
oped, explosive forming being a recent 
introduction. Work relates to manu- 
facturing processes including casting, 
rolling, drawing and annealing copper 
alloy ; extrusion of magnesium alloys, 
deep drawing and heat treatment of steel ; 
special metal forming techniques and 
machining and surface protection of com- 
ponents. Quals. and experience: hons. 
degree in Metallurgy or an Associate- 
ship of Institution of Metallurgists or 


| equiv. Experience in fields outlined under 


duties essential. Salary: £780 (age 25)- 
£1,220 p.a. Opportunities for establish- 
ment may arise. Forms from Ministry of 
Labour, Technical and Scientific Register 
(K), 26, King Street, London, 8.W.1, 
ref. F37/1A. 
GR ADU ATE Sicesuntentie (male) in 
Metallurgy required by Royal Military 
College of Science, Shrivenham, Berks. 
Teaching at University level. To assist in 
supervision of students’ laboratory work 
and research. Extensive well-equipped 
laboratories. Personal research towards 
higher degree encouraged. Qualifications : 
Ist or 2nd class degree or equivalent. 
Salary £754-£910. Commencing salary 
allows credit for approved post-graduate 
experience and National Service. Superan 
nuation under F.S.8.U. Appointments 
normally for 3 years, but may be extended. 
Quarters for singie man ; house for married 
man. Forms from Ministry of Labour, 
Technical and Scientific Register (K), 
26, King Street, London, 8.W.1, quoting 
reference F.76/1A. 


METALL ‘AL ( “HE MIST required 

to lead small but efficient and well- 
equipped laboratory. Work mainly analy- 
sis of molybdenum, vanadium, tungsten 
and niobium alloys and raw materials, but 
successful applicant would co-operate on 
works problems and development. Quali- 
fied man, 25-35, with previous experience 
in this field preferred. This is a position 
for a man who enjoys metallurgical 
chemistry and can devote himself to the 
job in hand. 

Good salary, pension scheme and can- 
teen. Assistance with housing if required 
after trial period. 

Avplications giving full details to: 
Mana~'ng Director, Minworth Metals, 
Ltd., Minworth, Sutton Coldfield, War- 
wickshire. 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT—continued 


ENGLISH ELECTRIC, STAFFORD 
have three vacancies in the 
CHEMICAL DEPARTMENT 
of the 
NELSON ENGINEERING LABORATORIES 


Two senior Chemists for Development work and special investigations into 
the chemical aspects and properties of materials. 


A junior Chemist for analytical control of electroplated and allied solutions 
in addition to general work connected with the manufacture of electrical 
engineering equipment. 

These posts are permanent and pensionable and have excellent prospects 
due to the imminent expansion of the Meter, Relay and Instrument Division 
into a separate Works which will eventually require a separate Chemistry 
Department. 


Details of accommodation and removal assistance will be given at interview 
and applicants should write giving full details to the Technical Staff Officer, 
Department G.P.S., English Electric House, Strand, London, W.C.2, quoting 
reference M 1214B. 


ARARARA 


INDUSTRIAL 
GAS REPRESENTATIVES 


There is a continual increase in development and the utilisation of gas for industry and applications 
are invited from candidates having an interest in the use of gas for furnace heating and other industrial 
purposes. 

Candidates should possess an appropriate university degree or an equivalent professional qualifica- 
tion and whilst previous experience is not essential it will command a commensurately higher initial 
salary 

In any event, the commencing salary will not be less than €770 per annum and there are excellent 
conditions of service. 


Apply, in writing, giving full details to the 


INDUSTRIAL RELATIONS OFFICER, WEST MIDLANDS GAS BOARD, 
6, AUGUSTUS ROAD, EDGBASTON, BIRMINGHAM, 16. 


The following vacancies exist on the Laboratory Staff of a large 
Light Engineering Company in Lancashire 


1. SENIOR LABORATORY TECHNICIAN 
ELECTRO CHEMIST 


The duties entail the supervision and control of production plating and 
processing carried out in the Laboratory and to investigate and report on new 
developments in this field. Liaison with the Engineering and Production 
Processing Departments will be an important aspect of the work. 

Applicants should have a sound academic background and possess practical 
experience of electro-plating 


2. ELECTRO-PLATING TECHNICIAN 


The successful applicant will work as assistant to the Chemist in charge, but 
will be expected to work on his own initiative to a large degree. 

Familiarity with modern techniques of electro-plating and metal finishing is 
essential, and a sound technical background necessary. 

Salary for both posts will be commensurate with qualifications and 
experience. 

Letters of application, giving full personal particulars together with present 
salary should be sent to Box No. ME.107, ‘ Metallurgia,”’ 31, King Street West, 
Manchester, 3. 


CENTRAL ELECTRICITY GENERATING 
BoarpD 


SENIOR SCIENTIFIC ASSISTANTS 
and 


SCIENTIFIC ASSISTANTS 


MATERIALS DIVISION 
RESEARCH LABORATORIES, 
LEATHERHEAD, SURREY 


The Materials Division is divided into 
three sections : General Metallurgy, Con- 


| stitutional Studies, and Deformation 
| Studies. A Scientific Assistant assists 


qualified staff in carrying out theoretical 
and experimental work, and has ample 
opportunity to use initiative. 

(a) Senior Scientific Assistants should 
preferably have a qualification equivalent 
to O.N.C. and considerable experience in 


| experimental work in metallurgy or 
| physics laboratory. They should be 


capable of preparing and operating experi- 
mental equipment with the minimum of 
supervision, and show a high standard of 


| initiative and reliability. 


(b) Scientific Assistants should have at 
least two passes at G.C.E. Advanced 
Level, and be keenly interested in metal- 


| lurgy, physics or ceramics. Assistants 


under the age of 21 will be encouraged to 


| study for higher qualifications by part- 


time day rolease, and in suitable cases 
opportunities will be provided for practical 


| training external to the laboratories. 


Salaries: Post (a) £650-£940 p.a. ; 
Post (b) up to £640 p.a., dependent upon 
age and educational qualifications. 

Applications, stating age, qualifications, 


experience, present position and salary, 
| to the Appointments Officer, 24/30, 
| Holborn, London, E.C.1, as soon as 


possible. Envelopes should be marked 
“ Confidential Ref. MET /30.” 


ASSOCIATED ENGINEERING LTD. 
RESEARCH 
SENIOR METALLURGIST 


This Group of Companies is at present building new laboratories in pleasant 
country surroundings near Rugby. A vacancy now exists for a Senior 
Research Metallurgist experienced in the basic techniques of physical 
metallurgy. Excellent experimental facilities are being provided, including 
facilities for electron and high-temperature optical microscopy, and the 
programme covers a wide range of interest in new material and processes. 

Candidates should be 27-33 years old, with a good University degree and 
considerable research experience. Initial salary will be in the range £1,350 
£1,650 p.a. 

Applications, reference JAR., should be addressed to : Associated Engineer- 
ing Ltd., Group Research and Development, Cawston, Rugby. 


ROYAL TECHNICAL COLLEGE, 
SALFORD 


(College of Advanced Technology) 


LECTURESHIPS 
IN METALLURGY 


Applications are invited for two appointments 
from persons having an honours degree in 
Metallurgy, a good knowledge of physical 
metallurgy, and experience in research in 
industry, in a university, or in a College of 
Advanced Technology. The persons appointed 
will teach metallurgical subjects, and will be 
required and encouraged to carry out research 
and assist in the development of a strong 
metallurgical team in the College, for which 
good facilities are being provided. 


The salary scale for a Lecturer is €1,370 
rising to £1,550 per annum. The commencing 
salary may be above the minimum. Above 
this grade there are senior posts for which the 
successful candidates can be considered at a 
later date. 


Further particulars and forms of application 
may be obtained from the Registrar, Royal 
Technical College, Salford 5, Lancs., to whom 
applications should be returned by 17th April, 1961. 


HEAT TREATMENT 


CONSULT 
J. M. HARGREAVE & Co. LTD. 


CENTRAL AVENUE, WEST MOLESEY, 
SURREY. 


MOLESEY 2216. 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT continued 


structure and properties of alloys. 


research. 


results. 


RESEARCH 
METALLURGISTS, PHYSICISTS AND CHEMISTS 


are invited to apply for appointment to the Staff of the 
Development and Research Department Laboratory 


of 
THE INTERNATIONAL NICKEL COMPANY (MOND) LIMITED 
BIRMINGHAM 


These vacancies, resulting from continuing expansion, occur in sections of 
the Laboratory dealing with high temperature creep-resisting alloys, alloy 
steels, powder metallurgy, corrosion, electrochemistry, welding, physical 
methods of analysis and X-ray crystallography and general studies of the 


The work of the Laboratory covers a very wide field of ferrous and non- 
ferrous metallurgy and the most advanced equipment is available to aid 
Members of the staff have personal responsibility for the work they 
conduct or supervise and every opportunity is provided for the publication of 


Vacancies exist both for men with experience in particular fields of metal- 
lurgical or allied research and for graduates without research experience. 
Salaries will be appropriate to qualifications and experience. 

Pension and assurance schemes are in operation and, in appropriate cases, 
assistance can be given for housing. Applications, which will be treated in 
confidence, should give details of age, qualifications and experience. 
should be addressed to The Research Manager, D. and R. Dept., The Inter- 
national Nickel Company (Mond), Ltd., Thames House, Millbank, London, 
Please mark envelope Confidential L.88E.”’ 


They 


METALLURGISTS AND ELECTRI- 

CAL ENGINEERS required in a 
modern expanding company for develop- 
ment work on specialised iron, iron nickel 
and copper alloys used mainly in the 
electrical industry. Vacuum melting is 
extensively employed. The location is 
south of London and housing may be 
made available for a suitable man. A 
minimum qualification of degree, L.I.M. 
or H.N.C., is required. Applications, 
giving details of age, qualifications and 
experience, to The Research Manager, 
Teleon Metals, Ltd., Manor Royal, 
Crawley, Sussex. 


NORTHAMPTON COLLEGE OF ADVANCED 
TECHNOLOGY, LONDON 
DEPARTMENT OF APPLIED CHEMISTRY 
METALLURGY SECTION 


ASSISTANT LECTURER IN 
METALLURGY, GRADE B 


Continued expansion of the section 
requires an Assistant Lecturer with 
graduate or equivalent qualifications to 
specialize in either Heat Treatment or 
Metallography. 

Good facilities are available and a 
suitable candidate would be encouraged 
to pursue research for a higher degree 
(internal) of London University. 

Salary—on scale £850 to £1,300 p.a. 
according to age and experience. 

Further details and application forms 
on application to Head of Department of 
Applied Chemistry, Northampton College, 
St. John Street, London, E.C.1. 

Closing date for applications, 21st April, 
1961. 


PLEASE MENTION 


METALLURGIA 


WHEN 
REPLYING TO ADVERTISEMENTS 
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| Storage and 


Monk BripGe Iron & Steen Co. 
WHITEHALL Roap, LEEps, 12 
PHYSICAL CHEMIST 


Applications ere invited from young 
graduates for an appointment in the 
works laboratory of the above company. 
The work consists of the solution of prob- 
lems in connection with the forging of 
turbine blades for the aircraft industry. 
Experience of electro-plating and polishing 
processes would be an advantage for this 
position. 

Please write giving details of qualifica- 
tions and experience to the Personnel 
Manager, marking the envelope WM. 


M.P.A. WANTED 


Camera Projection Microscope wanted. 
Vickers or similar. Anderton § prings Ltd., 
Bingley, Yorks. (Mr. Waterhouse.) 
Bingley. 


M.P.A. FOR SALE 


SPICER’S ZIRCONITE 
MACHINABLE REFRACTORY 
@ SOLVES A LOT OF PROBLEMS 
@ SAVES A LOT OF TIME 

Machinable Aluminium now 


W. & ©. Spicer Ltd., The Grange, Kingham, Oxon. 
TELEPHONE: KINGHAM 307 


ENVIRONMENT CABINETS 


Why use antiquated methods to obtain 
Low Temperatures when they can be 
obtained by the flick of a switch. Used 
for Metal Treatment, Research, Testing, 
Preservation. Will Lec 


| Cabinet Temperature ranges from Plus 


100°C. to Minus 100°C. cover your 
requirement ? Write for further details 
to :— 


Low Temperature Division, 
Lee REFRIGERATION LIMITED, 
Bognor Regis, Sussex. 


| 
| 


| team 


| annual 


EDUCATION 


FLINTSHIRE TECHNICAL COLLEGE 
in co-operation with 
Tue InstTITUTE OF WELDING 
A WEEK-END COURSE ON 
THE METALLURGICAL ASPECTS 
OF WELDING 
will be held at the 
FLINTSHIRE TECHNICAL COLLEGE 
Connah's Quay, nr. Chester 
from 5 p.m. Friday to 2 p.m. Sunday, 


14th to 16th April 


Subjects include : 


General Introduction and Fundamental 
Metallurgical Considerations. 

The Effects of Gases. 

Metallurgical Factors in the Welding of 
Steels, Aluminium and other Non- 
Ferrous Metals. 

Metallurgical Considerations in Relation 
to Design and Duty. 


Course Fee (including meals at College) : 
£5 5s. Hostel available. 

Further particulars may be obtained 
from the Registrar, Flintshire Technical 
College, Connah's Quay, nr. Chester. 


B. Haypn WILLIAMs, 
Director of Education. 


SALFrorp 
RESEARCH STUDENTSHIP IN 
METALLURGY 


Applications are invited from graduates 
with a good degree or equivalent quali- 
fication in Metallurgy to join a research 
of metallurgists and engineers 
investigating problems in metal cutting, 
machinability and cutting tool wear. An 
grant of from £500 to £600, 


| dependent upon qualifications and experi- 


| ence, 


will be made to the successful 
applicant. Publication of research work is 
encouraged and opportunity exists for the 
submission of work for higher qualifica- 
tions. 

Applications, giving the names of two 
persons to whom reference can be made, 
should be sent to the Registrar, Royal 
Technical College, Salford, 5, Lancs., 
from whom further particulars may be 


| obtained, by 15th April, 1961. 


METALLOGRAPHIC 
MOUNTING MEDIUM 


N-LP. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives « 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON, N.16. 
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IMPROVED 
NEWTON CHAMBERS 


Ensuring the accommodation 
of thermal expansion 

The Combined Newton Needle Air and Fue! Gas Recuperators ith ti ht 

shown above are installed on the Sterling Billet Heating Furnace Wi gas ig ness 


at Messrs. Hadfields & Company Ltd, Sheffield. and incorporate 


this latest development in high pre ire fexible-end connection. at elevated temperatures 


Our portable demonstration model. The ova! shape tubular steel! 
The latest introduction by Newton Chambers of the flexible-end 


inserts are cast into the end-supporting flanges as an integral 


Part of each heat-resisting cast-iron heat exchanger element (FB. type) connections for high pressure air and fuel gas 


The steel inserts are welded into a thin steel d pla 
which are connected the air and fuel gas ini tducts, | recuperators are now available and can be demonstrated. 
a completely gas tight joint is then ensured. 
This type of construction successfully accommodates thermal 
extensions within recuperators when operated at 
temperatures of up to 1,050°C. on the exhaust furnace gas side, 
and up to 650°C. on the combustion air and fuel gas side. 

We would welcome the opportunity to show you over 

installations now at work, and to discuss your recuperator 


problems with you. 


REMEMBER THE SCOPE OF 


Chambers 


NEWTON CHAMBERS & CO LIMITED 
ENGINEERING DIVISION, THORNCLIFFE, SHEFFIELD 
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THE FACTS 


T1* and T2* are thermocouple wires of the 
nickel-chromium/nickel-aluminium type. 
They are suitable for constant use at tem- 
peratures up to 1100 C, and for spot 
readings at higher temperatures. 


T1* and T2* conform to the relevant 
British Standard and Air Ministry specifi- 
cations. They are entirely British made. 
They are protected by registered trade marks. 


So much for the basic facts. T1* and T2* 
are thermocouple alloys whose stability, life, 
and quality generally are taken as read by so 
many pyrometer manufacturers. But these 
alloys also pass with fying colours the kind 
of tests by which a first-class commercial 
proposition is judged. 


Made in Britain The commercial 
advantages of material manufactured en- 
urely in this country are perhaps self, 
evident. Lines of communication are short 
and to the point. We can have a finger on 
the pulse of the market. And, most impor- 
tant of all, we can give an all-round service 
worthy of products which are very good 
indeed. 


Thermocouple Wires 


Small Quantities — Because of the 
special nature of the thermocouple market, 
we are geared to supplying as little as a few 
ounces of T1* and T2*, if that is all you 
need. 

— And Large Which is not to say that 
we aren’t fully able to cope with orders in the 
upper poundage bracket. 


Wire or Strip Both are in constant 
production in a range of standard sizes (and 
their metric equivalents). 


‘Specials’ Nom-standard sizes or unusual 
profiles can be supplied. 


Delivery Both T1* and T2* are manu- 
factured in this country and are in daily 
production. Consequently there are clear 
advantages in delivery. 


Technical Advice A_ well-informed 
objective opinion on a thermocouple problem 
may well be worth having. Free and without 
obligation, of course. *Regd. Trade Mark 


Data Sheet No. 2 
contains technical data 
concerning our 


thermocouple alloys. 
Copies are available free 
of charge on request. 


BRITISH DRIVER-HARRIS CO LTD 


CHEADLE HEATH, STOCKPORT, CHESHIRE 
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